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ABSTRACT
We discuss the appearance of non-supersymmetric compactifications with exactly
the Standard Model (SM) at low energies, in the context of IIB orientifold con-
structions with D5 branes intersecting at angles on the T 4 tori, of the orientifold
of T 4× (C/ZN). We discuss constructions where the Standard Model embedding
is considering within four, five and six stacks of D5 branes. The appearance of
the three generation observable Standard Model at low energies is accompanied
by a gauged baryon number, thus ensuring automatic proton stability. Also, a
compatibility with a low scale of order TeV is ensured by having a two dimen-
sional space transverse to all branes. The present models complete the discussion
of some recently constructed four stack models of D5 branes with the SM at low
energy. By embedding the four, five and six stack Standard Model configurations
into quiver diagrams, deforming them around the QCD intersection numbers, we
find a rich variety of vacua that may have exactly the Standard Model at low
energy. Also by using brane recombination on the U(1)’s, we show that the five
and six vacua flow into their four stack counterparts. Thus string vacua with five
and six stack deformations are continuously connected to the four stack vacua.
1 Introduction
One of the main objectives of current string theory research, in the absence of
a dynamical mechanism that can select a particular string vacuum, is the search
for particular string vacua which can give us at low energies, the observable chiral
spectrum of the Standard Model (SM) and gauge interactions. In this sense, semire-
alistic four dimensional (4D) models have been examined both in N = 1 heterotic
compactifications and in orientifold constructions [1].
In this work, we will examine standard model compactifications in the context
of some recent constructions [2] which use intersecting branes [3, 4] and give 4D
non-supersymmetric (non-SUSY) models. At present non-SUSY models are consid-
ered a necessity in the search of realistic 4D string models. This is to be contrasted
with past research, where the majority of the relevant for phenomenology models
considered, were preserving N = 1 supersymmetry in four dimensions. Past model
building studies in the context of N = 1 weak coupling heterotic orbifold com-
pactifications (HOC), gave rise to semirealistic supersymmetric model generation
that included at low energy the MSSM particle content, accompanied by a variety
of exotic matter representations and gauge group factors. Additional problems in-
cluded, among others, the fact that it was not possible to reconcile the observed
discrepancy between the unification of gauge couplings in the MSSM at 1016 GeV
[1] and the string scale at HOC which is of order 1017 − 1018 GeV, even though the
latter discrepancy was attributed to the string one loop corrections of the N = 1
gauge coupling constants [5]. Thus the failure of obtaining realistic string compact-
ifications in the context of heterotic strings directed research towards orientifold
constructions and type IIB constructions with D-branes at singularities. See for ex-
ample [6, 7, 8, 9, 10, 11, 12, 13]. In general these compactifications are accompanied
by extra matter.
However, recent results, that made use of the fact that in type I compactifications
(IC) the string scale is a free parameter, suggested that it is possible in IC to
lower the string scale, thus solving the hierarchy problem, by having some compact
directions transverse to all stacks of branes, in the TeV region even without SUSY
[14]. That alone changed the way that we view non-SUSY models, thus suggesting
us that non-SUSY models with a string scale in the TeV range is a strong alternative
to SUSY models. In this context, the only question remaining is to find realistic
compactification examples, giving at low energies exactly the observable SM. As
we will see in a moment, the latter was shown that is possible in the context of
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intersecting branes.
In intersecting brane models the fermions get localized in the intersections be-
tween branes [15]. In these constructions the introduction of a quantized NS-NS B
field [16] effectively produces semirealistic models with three generations [4]. These
backgrounds are T-dual to models with magnetic deformations [17]. For additional
non-SUSY constructions and recent developments in the context of intersecting
branes, see [18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28]. For some new directions
in the context of D6 intersecting branes in backgrounds of Calabi-Yau 3-folds see
[29]. For backgrounds with intersecting D6-branes on non-compact Calabi-Yau 3-
folds see [30]. For a N = 1 SUSY construction in the context of intersecting branes
and its phenomenology see [31].
Quite recently, a class of models, with four stacks of branes, was presented that
gives at low energies exactly the SM content [32]. These models were based on D6-
branes intersecting at angles on an orientifolded six-torus compactification [3, 4].
These models have been generalized, to the same D6-brane backgrounds, to classes
of models with five- [33] and six-stacks of branes [34] at the string scale that give
exactly the SM at low energies. The models of [32, 33, 34] share some interesting
common features such as a gauged baryon, with a stable proton, and lepton number
symmetries 1 small neutrino masses and a remarkable Higgs sector that, that for
some choices of brane angle parameters, is similar of MSSM. However, we should
note that, while the non-SUSY four stack model has a variety of sectors where the
non-SUSY chiral fields of the SM get localized, models that have five-[33], six-stacks
[34] of D6 branes have one additional unusual feature. They have some sectors
that preserve N = 1 SUSY, even though the model is overall a non-SUSY one.
The usefulness of N = 1 SUSY sectors stems from the fact that their presence
guarantees the presence of singlet scalars, superpartners of right handed neutrinos,
νR’s, necessary for the breaking of extra U(1) symmetries. In this respect the five,
six stack models, uniquely predict the existence of SUSY particles from non-SUSY
SM’s.
Moreover, the models of [32], [33], [34] have been extended to describe the first
examples of string GUT models that give exactly the SM at low energies [35]. The
latter classes of models are based on the Pati-Salam [36] gauge group SU(4) ⊗
SU(2)L⊗SU(2)R and have a four stack structure at the string scale. They maintain
1The corresponding gauge bosons become massive through B ∧ F couplings, arising on a gen-
eralized Green-Schwarz mechanism [19, 32, 37, 38]. Thus the associated gauge symmetries survive
as global symmetries to low energies.
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essential features of [32, 33, 34] and in particular the fact that proton is stable, as
the baryon number is an unbroken gauged symmetry, and small neutrino masses.
Also the GUT four-stack classes of models share the unusual features of the five-,
six- stack classes of SM’s of [33, 34] respectively, namely they allow SUSY sectors
to exist. These models provide us with a nice realization of the see-saw mechanism.
It is quite interesting to note that, even though it was generally believed that in
D6 brane orientifolded six torus models it was not possible to find an apparent
explanation for lowering the string scale in the TeV region, in the classes of GUT
models of [35] this issue was solved differently. In particular, the models predict the
existence of light weak doublets with mass of order υ2/Ms, that necessarily needs the
string scale to be less than 650 GeV. The latter results are particularly encouraging
as they represent strong predictions for D-brane scenarios and are directly testable
at present or future accelerators.
In this work, we will discuss compactifications of intersecting D5 branes, that
use four-, five- and six-stacks of D5-branes on an orientifolded T 4⊗C/ZN [2]. These
classes of models may have only the SM at low energy.
First we discuss again the appearance of exactly the SM at low energy from
four stacks of branes. For each of the, four stack, quivers of [2], that give rise to
a different class of exactly the SM at low energy 2, we present ‘alternative’ para-
metric solutions to the twisted RR tadpole cancellation conditions. Moreover, we
discuss four new ‘reflected’ quivers 3 that give rise to the SM at low energy. These
‘reflected’ quivers are obtained from the ai-type quivers by keeping the ZN quiver
transformation properties of the nodes fixed, while simultaneously interchanging the
brane/orientifold content of the nodes with ZN transformation properties different
from unity. Moreover, we show that ‘reflected’ quivers give SM vacua that are equiv-
alent and in a one to one correspondence to the quivers of [2]. The comparison of
the different SM vacua is most easily seen, between the quiver vacua ai coming from
the alternative RR tadpole solutions and the ones associated with the ‘reflected’
quivers Qi. We also discuss the embedding of the SM into five and six stacks of D5
Z3 quivers. These classes of models may aslo have the SM at low energy and thus
may be of phenomenological interest.
The new classes of SM’s exhibit some general features:
• The models are non-SUSY and in the low energies we have apart from the
2denoted as ai-type, (i = 1, .., 4), and seen in figure (2)
3, denoted as of Qi-type, (i = 1, .., 4), and seen in figure (1),
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SM spectrum, and gauge interactions, the natural appearance of some scalars
fields in various colour, doublet, and singlet representations. All scalars receive
one loop corrections. Also present are some singlet scalars that receive a vev
and thus break the extra anomaly free U(1), beyond hypercharge.
• Baryon number (B) is a gauged U(1) symmetry, thus proton is stable. The
corresponding gauge bosons become massive from a dimensional reduction
mechanism [2] resembling previously discussed constructions [19].
• The placement of SM chiral fermions to the different intersections inside the
four-, five- and six stack D5-brane structure, is exactly the one used in the
four-, five and six stack counterpart D6-models of [32, 33, 34] respectively.
• The models may have a low string scale Ms ∼ 1 TeV, in the way suggested
in [14], as there is a transverse compact two dimensional manifold transverse
to all D5 branes, whose size may vary, providing for the hierarchy difference
between MP lanck and Ms.
• The four, five, six stack quivers have exactly the observable SM at low energies.
They are classified according to their brane transformation properties under
the ZN orbifold action, schematically seen, by placing the branes and their
orientifolded images in various quiver diagrams in the spirit of [39, 40, 41]. As
a particular example, in this work we examine in detail the SM embedding
in Z3 quiver diagrams. The five stack and six stack Z3 quivers provide us
with more SM-like examples at low energies. In the latter constructions e.g.
A1, C1, C2 qivers additional anomaly free U(1)’s orthogonal to hypercharge
become massive through the presence of singlet scalars getting a vev.
• Using brane recombination we are able to show that five and six stack string
vacua with intersecting D5-branes ‘flow’ to their associated four stack quivers
(see sect. 7).
The paper is organized as follows. In the next section we describe the rules, as
well the constraints coming from RR tadpole cancellation conditions, for construct-
ing the intersecting at angles D5-brane models in an orientifolded T 4 × C/ZN IIB
background. In section 3 we describe the exact form of the chiral SM fermionic
structure configurations that all the SM’s reproduce at low energies. We describe
the SM embedding in a four-, five- and six stack D5 structure, which follow from
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past discussions in [32], [33], [34], respectively. In section 4, we discuss the four stack
Z3 ‘reflected’ quiver embedding of the three generation (3G) SM. We start by dis-
cussing the Q1-quiver, presenting in detail the cancellation of the mixed U(1) gauge
anomalies by a dimensional reduction scheme which is equivalent to the cancellation
of the field theory anomaly by its Green-Schwarz amplitude. This mechanism [2]
is an extension of a similar mechanism used in the context of toroidal models with
branes at angles in [19]. Also, we discuss the rest of quivers, of Q2, Q3, Q4 type,
giving only the SM at low energies. Next we discuss the alternative RR twisted tad-
pole cancellation conditions to the a-type quivers of [2]. We show that the reflected
quivers Qi give equivalent vacua at low energy to their ‘images’ ai-type quivers.
In section 5, we discuss the five stack SM embedding in Z3 quivers. We discuss a
number of quivers characterized as belonging to the A1, A1, A2, A2-quivers. For
the case of A1-quiver we examine in detail the Higgs sector giving our emphasis
on the definition of the geometrical quantities that characterize the geometry of
the Higgs sector of the model. Also we discuss the scalar sector of the A1-quiver
class of SM’s. In section 6, we discuss two examples of six stack SM-like quivers
providing more examples with the SM at low energy. In section 7, we make use of
brane recombination to show the equivalence of six, five and four stack vacua. Our
conclusions together with some comments are presented in section 8. In appendix I,
we list the RR tadpole solutions of all the SM embeddings in five stack quivers not
examined explicitly in the main body of the paper. In appendix II we list the RR
tadpole solutions of all the SM embeddings in six stack quivers.
2 Exact Standard model structures from Inter-
secting branes
In this work, we are going to describe new type IIB compactification vacua that have
at low energy just the observable Standard Model gauge group and chiral content.
The proposed three generation SM’s make use of four, five and six-stacks of D5
branes, intersecting at angles, at the string scale. They are based on the following
compactification [2] scheme
IIB/
(
T 4 × C/ZN
{1 + ΩR}
)
, (2.1)
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where Ω is the worldvolume parity and the presence of the parity R involution is as-
sociated to the reflections Ri of the i-th coordinate, namely R = R(5)R(7)R(8)R(9).
In a compact form the action of R on the coordinates could be expressed alterna-
tively by using complex coordinates Zi = X2i+2+X2i+3, i = 1, 2, 3. In this case, the
presence of R is more elegantly expressed as
R : Zi → Z¯i, i = 1, 2; Z3 → Z¯3. (2.2)
The presence of tadpoles induced by the presence of the orientifold planes is
cancelled by the introduction of N-stacks of D5 branes 4. The latter wrap 2-cycles
across the four dimensional tori, while they are located at the tip of the orientifold
singularity. We note that under T-duality these constructions are dual to D7-branes
with fluxes across the compact T 4 dimensions.
The general picture involves D5a-branes wrapping 1-cycles (n
i
a, m
i
a), i = 1, 2
along each of the ith-T 2 torus of the factorized T 4 torus, namely T 4 = T 2 × T 2.
Thus we allow the four-torus to wrap factorized 2-cycles, so we can unwrap the 2-
cycle into products of two 1-cycles, one for each T 2. The definition of the homology
of the 2-cycles as
[Πa] =
2∏
i=1
(nia[ai] +m
i
a[bi]) (2.3)
defines consequently the 2-cycle of the orientifold images as
[Πa⋆ ] =
2∏
i=1
(nia[ai]−m
i
a[bi]). (2.4)
We note that because of the ΩR symmetry each D5a-brane 1-cycle, must be ac-
companied by its ΩR orientifold image partner (nia,−m
i
a); n,m ∈ Z. In addition,
because of the presence of discrete NS B-flux [16], the tori involved are not or-
thogonal but tilted. In this way the wrapping numbers become the effective tilted
wrapping numbers,
(ni, m = m˜i + bi · ni/2); n, m˜ ∈ Z, bi = 0, 1/2 (2.5)
Thus semi-integer values are allowed for the m-wrapping numbers.
Let us now discuss the effect of the orbifold action on the open string sectors.
The ZN orbifold twist in the third complex dimension is generated by the twist
vector v = 1
N
(0, 0,−2, 0), which is fixed by the requirements of modular invariance
and for the variety to be spin. The ZN action is embedded in the U(Na) degrees of
4Effectively, we will use later N = 3.
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freedom emanating from the ath stack of D5-branes, through the unitary matrix in
the form
γω,a = diag
(
1N0a , α1N1a , . . . , α
N−11NN−1a
)
, (2.6)
with
∑N−1
i=0 N
i
a = Na and α ≡ exp(2πi/N).
As we have already said, in the presence of ΩR orientifold action, we need to
include sectors where its brane is accompanied by is orientifold image. Lets us
denote the ΩR image of the brane D5a-brane by ΩRD5a or alternatively as D5a⋆ .
Thus for example if the D5a-brane data are given by
(n1a, m
1
a)⊗ (n
2
a, m
2
a)
γω,a = diag
(
1N0a , α1N1a , . . . , α
N−11NN−1a
)
, (2.7)
then the D5a∗ data are given by
(n1a,−m
1
a)⊗ (n
2
a,−m
2
a)
γω,a∗ = diag
(
1N0a , α
N−11N1a , . . . , α1NN−1a
)
, (2.8)
The closed string sector, can be computed using orbifold techniques. However,
as its spectrum will be non-chiral and non-supersymmetric, it will give rise to four
dimensional gravitation and thus will be of no interest to us. As far as the twisted
closed string sector is concerned it will rise to some tachyons from the NSNS sectors.
Thus from the point of view of the low energy spectrum of the theory the closed
string sector is not interesting. We thus focus our attention to the open string sector.
The open string spectrum is computed by taking into account the combined
geometric plus the Chan-Paton Zn action [2]. There are a number of different
sectors that should be taken into account when computing the chiral spectrum of
the models. They include the sectors D5a−D5b, D5a−D5b∗ and D5a−D5a∗ . E.g.
because the D5a−D5b sector is not constrained by the ΩR projection, its spectrum
is computed as in orbifold compactifications. Thus we introduce the twist vector
vϑ = (ϑ
1
ab, ϑ
2
ab, 0, 0), where πϑ
i
ab is the angle between the branes on the i
th torus. Also
the states localized in the ab intersection are characterized by the four-dimensional
vectors r + vϑ which enter the mass formula
α′M2ab =
Y 2
4πα′
+Nbos(ϑ) +
(r + vϑ)
2
2
−
1
2
+ Eab. (2.9)
In (2.9), Y is the transverse distance between the branes a, b; Nbos(ϑ) is the bosonic
oscillator contribution and Eab is the vacuum energy
Eab =
3∑
i=1
1
2
|ϑi|(1− |ϑi|) . (2.10)
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The complete massless and tachyonic states reads:
Sector State ZN phase α
′Mass2
NS (−1 + ϑ1, ϑ2, 0, 0) 1 −12(ϑ
1 − ϑ2)
(ϑ1,−1 + ϑ2, 0, 0) 1 12(ϑ
1 − ϑ2)
R (−12 + ϑ
1,−12 + ϑ
2,−12 ,+
1
2) e
2πi 1
N 0
(−12 + ϑ
1,−12 + ϑ
2,+12 ,−
1
2) e
−2πi 1
N 0
(2.11)
where ϑi ≡ ϑiab and we have set 0 < ϑ
i < 1, i = 1, 2. As is it clear from above, one
of the NS states will be necessarily tachyonic while the other will have a positive
mass. Also, when |ϑ1| = |ϑ2| the associated state becomes massless. The final
spectrum will be found again by projecting to the invariant subspace. We note that
the number of chiral fermions localized in the intersection between the a-, b-branes,
is given by the intersection number
Iab ≡ [Πa] · [Πb] = (n
1
am
1
b −m
1
a n
2
b)(n
2
am
2
b −m
2
an
2
b), (2.12)
where its sign denotes the chirality of the corresponding fermion. The full spectrum
appearing in the ab-sector is given by
Tachyons
∑
a<b
∑N
i=1 Iab × (N
i
a, N
i
b)
Left Fermions
∑
a<b
∑N
i=1 Iab × (N
i
a, N
i+1
b )
Right Fermions
∑
a<b
∑N
i=1 Iab × (N
i
a, N
i−1
b )
(2.13)
The complete spectrum for the D5 branes intersecting at angles in the back-
grounds (2.1) reads:
Complex Scalars∑
a<b
∑N
i=1 [ |Iab|(N
i
a, N
i
b) + |Iab∗ |(N
i
a, N
−i
b ) ]∑
a[ 2|m
1
am
2
a|(|n
1
an
2
a|+ 1)(A
0
a) + 2|m
1
am
2
a|(|n
1
an
2
a| − 1)(S
0
a) ]
Left Fermions∑
a<b
∑N
i=1 [ Iab(N
i
a, N
i+1
b ) + Iab∗(N
i
a, N
−i−1
b ) ]∑
a
∑N
j,i=1 δj,−i−1[ 2m
1
am
2
a(n
1
an
2
a + 1)(A
j
a) + 2m
1
am
2
a(n
1
an
2
a − 1)(S
j
a) ]
Right Fermions∑
a<b
∑N
i=1 [ Iab(N
i
a, N
i−1
b ) + Iab∗(N
i
a, N
−i+1
b ) ]∑
a
∑N
j,i=1 δj,−i+1[ 2m
1
am
2
a(n
1
an
2
a + 1)(A
j
a) + 2m
1
am
2
a(n
1
an
2
a − 1)(S
j
a) ]
(2.14)
Any vacuum derived from the previous intersection constraints is subject addi-
tionally to constraints coming from RR tadpole cancellation conditions. The latter
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are equivalent to the Gauss law and imply the vanishing of the total RR charge in
the compact T 4 space. That demands cancellation of D5-branes charges 5, wrapping
on two cycles with homology [Πa] and O5-plane 6-form charges wrapping on 2-cycles
with homology [ΠO5 ]. Note that the RR tadpole cancellation conditions in terms of
cancellations of RR charges in homology are expressed as
c2k
∑
a
([Πa] Trγk,a + [Πa∗ ] Trγk,a∗) = [ΠO5] 16β
1β2 sin
(
πk
N
)
, (2.15)
where [ΠO5] describes the 2-cycle ofT
4 the O5-plane wraps, βi = 1−b(i) parametrizes
the NS B-field background and ck where c
2
k = sin
2πk
N
is a weight for each kth twisted
sector usually arising in ZN orientifold compactifications [42]. Also, 16β
1β2 can
be seen as the number of O5-planes, e.g. 4β1β2, times their relative charge to the
D5-brane, e.g. −4.
In explicit form the tadpoles are given by [2]
c2k
∑
a n
1
an
2
a (Trγk,a + Trγk,a∗) = 16 sin
(
πk
N
)
c2k
∑
am
1
am
2
a (Trγk,a + Trγk,a∗) = 0
c2k
∑
a n
1
am
2
a (Trγk,a − Trγk,a∗) = 0
c2k
∑
am
1
an
2
a (Trγk,a − Trγk,a∗) = 0
(2.16)
The presence of a non-zero term in the first tadpole condition should be interpreted
as a negative RR charge induced by the presence of an O5-plane. We should note
that, alternatively, the first of twisted tadpole conditions can be rewritten as
∑
a
n1an
2
a (Trγ2k,a + Trγ2k,a∗) =
16
αk + α−k
. (2.17)
3 The D5 Standard Model Configuration’s
In this section we will describe the embedding of the SM chiral spectrum into con-
figurations of four-, five, and six- D5-brane stacks. Our search is facilitated using
the four, five of six stack embedding of the SM chiral fermions that have appeared
before in the context of orientifolded intersecting D6 branes [32, 33, 34] respectively
into Z3, quiver diagrams. We describe the basic characteristics of the classes of SM
vacua produced,following their derivation from the various quivers.
5Taken together with their orientifold images (nia,−m
i
a) wrapping on two cycles of homology
class [Πα⋆ ].
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3.1 The Standard Model configurations
In this section, we describe the general characteristics of the different SM configu-
rations that we will make use in this work. We will describe models based on a four
stack
U(3)⊗ U(2)⊗ U(1)c ⊗ U(1)d , (3.1)
a five stack
U(3)⊗ U(2)⊗ U(1)c ⊗ U(1)d ⊗ U(1)e , (3.2)
and a six-stack structure
U(3)⊗ U(2)⊗ U(1)c ⊗ U(1)d ⊗ U(1)e ⊗ U(1)f (3.3)
at the string scale. The localization of fermions into particular intersections, as seen
in table (1), have been considered before in [2] for the four stack D5-models. The
complete accommodation of the fermion structure of the chiral SM fermion content
in the five- and six-stack SM models in the different open string sectors can be seen
in tables (2) and (3).
Several comments are in order:
Matter Fields Intersection Qa Qb Qc Qd Y
QL (3, 2) Iab 1 −1 0 0 1/6
qL 2(3, 2) Iab∗ 1 1 0 0 1/6
UR 3(3¯, 1) Iac −1 0 1 0 −2/3
DR 3(3¯, 1) Iac∗ −1 0 −1 0 1/3
L 3(1, 2) Ibd 0 −1 0 1 −1/2
NR 3(1, 1) Icd 0 0 1 −1 −1/2
ER 3(1, 1) Icd⋆ 0 0 −1 −1 0
Table 1: Low energy fermionic spectrum of the four stack string scale SU(3)C⊗SU(2)L⊗
U(1)a ⊗ U(1)b ⊗ U(1)c ⊗ U(1)d, D5-brane model together with its U(1) charges.
a) We note that there are a number of constraints that the chiral spectra take
into account. First of all, as a result of tadpole cancellation conditions, there is an
equal number of fundamental and anti-fundamental representations. The models
necessarily include right handed neutrinos νR in the SM spectrum. Thus from now
on, when we speak about obtaining the SM at low energies, we will mean the SM
with three generations of νR’s.
b) The models accommodate various known low energy gauged symmetries. The
10
Matter Fields Intersection Qa Qb Qc Qd Qe Y
QL (3, 2) Iab 1 −1 0 0 0 1/6
qL 2(3, 2) Iab∗ 1 1 0 0 0 1/6
UR 3(3¯, 1) Iac −1 0 1 0 0 −2/3
DR 3(3¯, 1) Iac∗ −1 0 −1 0 0 1/3
L 2(1, 2) Ibd 0 −1 0 1 0 −1/2
lL (1, 2) Ibe 0 −1 0 0 1 −1/2
NR 2(1, 1) Icd 0 0 1 −1 0 0
ER 2(1, 1) Icd∗ 0 0 −1 −1 0 1
νR (1, 1) Ice 0 0 1 0 −1 0
eR (1, 1) Ice∗ 0 0 −1 0 −1 1
Table 2: Low energy fermionic spectrum of the five stack string scale SU(3)C ⊗SU(2)L⊗
U(1)a ⊗ U(1)b ⊗U(1)c ⊗U(1)d ⊗U(1)e, D5-brane model together with its U(1) charges.
Matter Fields Intersection Qa Qb Qc Qd Qe Qf Y
QL (3, 2) Iab 1 −1 0 0 0 0 1/6
qL 2(3, 2) Iab∗ 1 1 0 0 0 0 1/6
UR 3(3¯, 1) Iac −1 0 1 0 0 0 −2/3
DR 3(3¯, 1) Iac∗ −1 0 −1 0 0 0 1/3
L1 (1, 2) Ibd 0 −1 0 1 0 0 −1/2
L2 (1, 2) Ibe 0 −1 0 0 1 0 −1/2
L3 (1, 2) Ibf 0 −1 0 0 0 1 −1/2
N1R (1, 1) Icd 0 0 1 −1 0 0 0
E1R (1, 1) Icd∗ 0 0 −1 −1 0 0 1
N2R (1, 1) Ice 0 0 1 0 −1 0 0
E2R (1, 1) Ice∗ 0 0 −1 0 −1 0 1
N3R (1, 1) Icf 0 0 1 0 0 −1 0
E3R (1, 1) Icf∗ 0 0 −1 0 0 −1 1
Table 3: Low energy fermionic spectrum of the six stack string scale SU(3)C ⊗SU(2)L⊗
U(1)a ⊗ U(1)b ⊗ U(1)c ⊗ U(1)d ⊗ U(1)e ⊗ U(1)f , D5-brane model together with its U(1)
charges.
latter can be expressed in terms of the U(1) symmetries of the models. For exam-
ple the baryon number, B, is expressed as B = 3Qa in all models. The study of
Green-Schwarz mechanism will show us that baryon number is an unbroken gauged
symmetry and as a result the corresponding gauge boson gets massive leaving at
low energies the baryon number as a global symmetry. Thus proton is stable.
b) The mixed anomalies Aij of the U(1)’s with the non-abelian gauge groups SU(Na)
of the theory cancel through a generalized GS mechanism [19, 37, 38], involving
close string modes couplings to worldsheet gauge fields [2]. Two combinations of
the U(1)’s are anomalous- model independent and become massive, their orthogo-
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nal non-anomalous combination survives, combining to a single U(1) that remains
massless, the latter to be identified with the hypercharge generator.
c) The hypercharge operator in the model is defined as a linear combination of the
U(1)a, U(1)c, U(1)d, U(1)e, U(1)f gauge groups for the four-, five-, six-stack models
respectively:
Y =
1
6
U(1)a −
1
2
U(1)c −
1
2
U(1)d . (3.4)
Y =
1
6
U(1)a −
1
2
U(1)c −
1
2
U(1)d −
1
2
U(1)e . (3.5)
Y =
1
6
U(1)a −
1
2
U(1)c −
1
2
U(1)d −
1
2
U(1)e −
1
2
U(1)f . (3.6)
d) Scalars, massless or tachyonic, appear naturally in the present classes of mod-
els. This is to be contrasted with the D6 branes wrapping on T 6 orientifolded
constructions [3, 4], where one has to make some open string sectors supersymmet-
ric in order to guarantee the presence of massless scalars in the models. The latter
case was most obvious in the construction of N = 0 models, with just the SM at
low energy from five -[33], six stacks [34] of D6-branes, as well from constructions
with a Pati-Salam G422 D6 four stack GUT, on the orientifolded T
6 backgrounds
[35] at the string scale. The presence of scalars is necessary in order to break the
additional massless, beyond the hypercharge, anomaly free U(1)’s that survive the
Green-Schwarz mechanism.
e) A variety of SM solutions will be presented that are directly related to the
embedding of the SM configurations in tables (1), (2), (3) in quiver diagrams. In
general, when D-branes are localized on an orbifold singularity Cn, the description
of the local physics at the singularity is obtained by keeping states that are invariant
under the the combined geometric and gauge action on the Chan-Paton index by
the action of the discrete group Γ acting on the singularity [39, 40, 41].
Each quiver records the action of the orbifold group on the branes and their orien-
tifold images. We chosen for simplicity the orbifold group to be abelian, e.g. a Z3,
however more general ZN choices are possible.
We should note that what is important for having the SM at low energy construc-
tions is not the particular ZN quiver we examine, but rather the four, five, six- stack
configuration that localizes the chiral three generation SM fermion content, as seen
in tables (1), (2), (3). The structures of tables (1), (2), (3) have been used before
in the D6 orientifolded models of [32, 33, 34] respectively.
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In a quiver, each arrow between two nodes represents a chiral fermion transform-
ing in the bifundamental representation of the two linked nodes. Also the direction
of the arrows denotes the chirality of the representation and we choose left handed
fermions to correspond to arrows directed clockwise.
At a four stack level, we found four different Z3 quiver diagrams, that give rise to
exactly the SM at low energies. They are denoted as belonging to the Q1-, Q2- Q3-,
Q4-type and they are examined in the next section. Also we provide alternative
RR tadpole cancellation conditions, to the ones appearing in [2], for the four stack
quivers of a1-, a2-, a3-, a4-type. Also, a number of five stack quivers are being
examined that are characterized as belonging to the A1, A2, A1, A2. Moreover the
six-stack quivers that are examined are characterized as belonging to the C1, C2
type. Care should be taken when treating the intersection numbers of a SM embed-
ding. The sign of the intersection number that denotes the chirality of the relevant
fermion, depends on the direction of the arrows between the nodes. For example,
the following intersection numbers hold in the four stack a4-quiver, the five stack
A1-quiver or the six stack C2-quiver respectively :
Iab = −1, Iab⋆ = +2, Iac = −3, Icd⋆ = +3
Ibd = −3, Icd⋆ = +3, Icd = −3. (3.7)
Iab = +1, Iab⋆ = −2, Iac = −3,
Iac⋆ = +3, Ibd = +2, Icd = −2, Icd⋆ = +2,
Ibe = +1, Ice = −1, Ice⋆ = +1 (3.8)
Iab = +1, Iab⋆ = −2, Iac = +3, Iac⋆ = −3,
Ibd = +1, Ibe = +1, Ibf = +1,
Icd = +1, Icd⋆ = −1, Ice = +1,
Ice⋆ = −1, Icf = 1, Icf⋆ = −1. (3.9)
4 Exact SM vacua from Four-Stack Quivers
In this section, we discuss the appearance of exactly the SM at low energy from
four stacks of D5 branes. The orbifold structure of the SM configurations will be
depicted in terms of quiver diagrams. In particular we examine Z3 quivers.
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1
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1
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1
a
a
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b*, c*
b, c
b*, c
b, c*
a*, d*
a, d
a*, d*
a, d
Q1Q2
Q3Q4
b, c
b*, c*
b, c
b*, c*
a*, d
a, d*a*, d*
a, d
Figure 1: Assignment of SM embedding in configurations of four stacks of D5 branes
depicted by the ‘reflected’ Z3 quiver diagrams. At low energy we get only the SM. Note that
α˜ = α−1. These configurations give equivalent vacua, with exactly the SM at low energy,
to those vacua coming from the ‘image’ quivers of figure (2), under the correspondence
a1 ⇐⇒ Q1, a2 ⇐⇒ Q2, a3 ⇐⇒ Q3, a4 ⇐⇒ Q4.
Initially, we describe 6 the ‘reflected’ quivers seen in figure (1). These four stack
quivers give rise to four different classes of SM vacua at low energy. For each of
them we show that they give equivalent SM vacua to its ‘image’ ai-quivers seen in
figure (2). For the‘image’ ai-quivers, we discuss alternative RR tadpole solutions,
to the one’s that have appeared in [2].
4.1 Exact SM vacua from the ‘reflected’ Q1-Quiver
In this subsection we examine the derivation of exactly the SM at low energies from
the embedding of the four stack SM structure of table (1) in a Z3 quiver of Q1-type.
The solutions satisfying simultaneously the intersection constraints and the can-
cellation of the RR twisted crosscap tadpole cancellation constraints are given in
parametric form in table (4). The multiparameter RR tadpole solutions appearing
in table (4) represent deformations of the D5-brane branes, of table (1), intersecting
at angles, within the same homology class of the factorizable two-cycles. The solu-
6,what was described in the introduction as,
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b*, c*
a*,  d*
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a,  d*
b, c*
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b, c
b*,  c*
a1a2
a3
a4
Figure 2: Assignment of SM embedding in configurations of four stacks of D5 branes
depicted by Z3 quiver diagrams. At low energy we get only the SM. Note that α˜ = α
−1.
tions of table (4) satisfy all tadpole equations, in (2.16), but the first. The latter
reads :
9n1a −
1
β1
+ ǫ˜ n1d +
2ǫhNh
β1
= −8. (4.1)
Note that we had added the presence of extra Nh branes. Their contribution to
the RR tadpole conditions is best described by placing them in the three-factorizable
cycle
Nh (ǫh/β1, 0) (2, 0)1Nh . (4.2)
The presence of an arbitrary number of Nh D5-branes, which give an extra U(Nh)
gauge group, don’t make any contribute to the rest of the tadpoles and intersection
constraints. Thus in terms of the low energy theory their presence has no effect and
only the SM appears.
Most of the gauge theory anomalies of the four U(1)’s of the models cancel as a
consequence of the tadpole cancellation conditions. As was shown in [2], the cubic
non-abelian anomaly cancels as a consequence of the tadpole cancellation conditions.
The mixed U(1)−SU(N)2 anomaly partially cancels, as a consequence of the tadpole
cancellation conditions while a non-cancelled piece remains, namely
AU(1)a,i−SU(Njb )2
=
−2N ia
N
N∑
k=1
e2πi
k·i
N c2k
(
Iab e
−2πi k·j
N + Iab∗ e
2πi k·j
N
)
. (4.3)
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1
i ,m
1
i ) (n
2
i ,m
2
i ) (n
3
i ,m
3
i )
Na = 3 (n
1
a, ǫǫ˜β
1) (3, 12 ǫ˜ǫ) 13
Nb = 2 (1/β1, 0) (1,
1
2ǫǫ˜) α
212
Nc = 1 (1/β1, 0) (0, ǫǫ˜) α
Nd = 1 (n
1
d, 3ǫβ
1) (ǫ˜,− 12ǫ) 1
Nh (ǫh/β
1, 0) (2, 0) 1Nh
Table 4: General tadpole solutions for the four-stack Q1-type quiver of intersecting
D5-branes, giving rise to exactly the standard model gauge group and observable chi-
ral spectrum at low energies. The solutions depend on two integer parameters, n1a, n
1
d,
the NS-background β1 = 1− bi, which is associated to the presence of the NS B-field by
bi = 0, 1/2. and the phase parameters ǫ = ǫ˜ = ±1, as well as the CP phase α.
The latter cancels [19] by the exchange of four-dimensional fields, which come from
the dimensional reduction of the RR twisted forms living on the singularity [2]. This
is clearly seen in the T-dual picture of fractional D7-branes wrapping the first two
tori in the presence of non-trivial F and B-fluxes. By integrating the couplings of
the twisted RR p-forms 7 of even p, Ao, A2, A4, A6, over the compact dimensions
(T2)1 × (T2)2, we can defining the fields [2]
B
(k)
0 = A
(k)
0 , B
(k)
2 =
∫
(T2)1×(T2)2
A
(k)
6 ,
C
(k)
0 =
∫
(T2)1×(T2)2
A
(k)
4 , C
(k)
2 = A
(k)
2 ,
D
(k)
0 =
∫
(T2)2
A
(k)
2 , D
(k)
2 =
∫
(T2)1
A
(k)
4 ,
E
(k)
0 =
∫
(T2)1
A
(k)
2 , E
(k)
2 =
∫
(T2)2
A
(k)
4 .
(4.4)
derive the four dimensional couplings as
ckN
i
a n
1
an
2
a
∫
M4
Tr (γk,a − γk,a∗) λi B
(k)
2 ∧ TrFa,i,
ckN
i
am
1
am
2
a
∫
M4
Tr (γk,a − γk,a∗) λi C
(k)
2 ∧ TrFa,i,
ckN
i
a n
1
am
2
a
∫
M4
Tr (γk,a + γk,a∗) λi D
(k)
2 ∧ TrFa,i,
ckN
i
am
1
an
2
a
∫
M4
Tr (γk,a + γk,a∗) λi E
(k)
2 ∧ TrFa,i,
(4.5)
7Appearing in the worldvolume of each D7-brane.
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ckm
1
am
2
a
∫
M4
Tr
(
γ−1k,a + γ
−1
k,a∗
)
λ2j B
(k)
0 ∧ Tr (Fa,j ∧ Fa,j) ,
ckn
1
an
2
a
∫
M4
Tr
(
γ−1k,a + γ
−1
k,a∗
)
λ2j C
(k)
0 ∧ Tr (Fa,j ∧ Fa,j) ,
ckm
1
an
2
a
∫
M4
Tr
(
γ−1k,a − γ
−1
k,a∗
)
λ2j D
(k)
0 ∧ Tr (Fa,j ∧ Fa,j) ,
ckn
1
am
2
a
∫
M4
Tr
(
γ−1k,a − γ
−1
k,a∗
)
λ2j E
(k)
0 ∧ Tr (Fa,j ∧ Fa,j) ,
(4.6)
where λ is the Chan-Paton wavefunction for the gauge boson state, and N ia factor
arises from normalization of the U(1)a,i generator. Since B
(k)
2 , C
(k)
2 , D
(k)
2 and B
(k)
0 ,
C
(k)
0 , D
(k)
0 are four-dimensional Hodge duals respectively, the sum over the GS di-
agrams contributes a counterterm that provides us with the structure required to
cancel the residual mixed anomaly (4.3).
In order to compute the twisted RR couplings for a specific model, that means
taking into account the U(1) anomaly constraints of (4.5, 4.6), we should take into
consideration the number of twisted sectors available to us. For the Z3 orientifold
quivers that we examine in this work there is only one independent twisted sector.
Thus for the Q1-quiver the constraints from U(1) anomaly cancellation appear into
three terms
B
(1)
2 ∧ c1
(
2(α2 − α)
β1
)
F b,
D
(1)
2 ∧ c1[ǫǫ˜]
(
3n1aF
a −
1
β1
F b −
1
β1
F c − ǫ˜n1dF
d
)
,
E
(1)
2 ∧ c1[6ǫǫ˜β
1][3F a + F d]. (4.7)
From (4.7) we conclude that there are two non-anomalous U(1)’s that become
massive through their couplings to the RR fields. They are the model independent
fields, U(1)b and the combination 3U(1)a + U(1)d, which become massive through
their couplings to the RR 2-form fields B
(1)
2 , E
(1)
2 respectively. In addition, there is
a model dependent anomalous and massive U(1) field coupled to D
(1)
2 field. That
means that the two non-anomalous free combinations are U(1)c and U(1)a−3U(1)d.
Thus the combination of the U(1)’s, having no couplings to twisted RR fields, re-
mains light to low energies is
Ql = (Qa − 3Qd) + 3β
1(n1a + ǫ˜n
1
d)Qc. (4.8)
The subclass of tadpole solutions of (4.8) having the SM hypercharge assignment
at low energies is exactly the one which is proportional to (3.4). It satisfies the
condition,
β1 (n
1
a + ǫ˜n
1
d) = −1. (4.9)
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Summarizing, as long as (4.9) holds the U(1) (4.8) is the hypercharge generator of
the SM. Thus at low energies we get the chiral fermion content of the SM that gets
localized according to the open string sectors appearing in table (1).
An alternative RR tadpole solution for the Q1-quiver class of SM’s can be seen
in table (5). In this case the U(1) couplings to twisted RR fields read
Ni (n
1
i ,m
1
i ) (n
2
i ,m
2
i ) (n
3
i ,m
3
i )
Na = 3 (n
1
a,−ǫǫ˜β
1) (3,− 12 ǫ˜ǫ) 13
Nb = 2 (1/β1, 0) (1,−
1
2ǫǫ˜) α
212
Nc = 1 (1/β1, 0) (0,−ǫǫ˜) α
Nd = 1 (n
1
d, 3ǫβ
1) (−ǫ˜,− 12ǫ) 1
Nh (ǫh/β
1, 0) (2, 0) 1Nh
Table 5: Alternative general tadpole solutions for the four-stack Q1-type quiver of inter-
secting D5-branes, giving rise to exactly the standard model gauge group and observable
chiral spectrum at low energies. The solutions depend on two integer parameters, n1a, n
1
d,
the NS-background β1 and the phase parameters ǫ = ǫ˜ = ±1, as well as the CP phase α.
B
(1)
2 ∧ c1[2
(α2 − α)
β1
]F b,
D
(1)
2 ∧ c1[ǫǫ˜][−3n
1
aF
a +
1
β1
F b +
1
β1
F c − ǫ˜n1dF
d],
E
(1)
2 ∧ c1[−6ǫǫ˜β
1][3F a + F d]. (4.10)
With the choice of tadpole solutions of table (5) all tadpole equations in (2.16) are
satisfied but the first, the latter giving
9n1a −
1
β1
− ǫ˜+
2ǫhNh
β1
= −8. (4.11)
The combination of the U(1)’s
Ql = (Qa − 3Qd) + 3β
1(n1a − ǫ˜n
1
d)Qc. (4.12)
if the hypercharge condition
β1(n1a − ǫ˜n
1
d) = −1 (4.13)
is fulfilled is the hypercharge.
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4.2 Scalar sector of the ‘reflected’ Q1-quiver
In this class of models, the scalars appear from the aa⋆, ad⋆, ad sectors. Lets us make
a particular choice of the tadpole parameters on these SM’s taking into account the
constraints (4.1), (4.9). We choose
n1a = −1, n
1
d = −1, β
1 = 1/2, ǫh = 1, Nh = 2, ǫ = 1, ǫ˜ = 1 (4.14)
Sector Representation α′ ·mass2
aa⋆ 2(3, 1)1/3 + (6, 1)−1/3 ±
1
π
(
tan−1
(
U1
2
)
− tan−1
(
U2
6
))
U1=U
2
3→ 0
ad 4(3, 1)2/3 ±
1
2π [tan
−1
(
3U1
2
)
− tan−1
(
U1
2
)
− tan−1
(
U2
6
)
−
tan−1
(
U2
2
)
U1=U
2
3→ ± 1π tan
−1
(
U2
6
)
ad⋆ 2(3, 1)−1/3 ±
1
2π [−
1
π tan
−1
(
U1
2
)
− tan−1
(
3U1
2
)
+ tan−1
(
U2
2
)
−
tan−1
(
U2
6
)
]
U1=U
2
3→ ± 1π tan
−1
(
U2
6
)
Table 6: Lightest scalar excitations for the four stack Q1-quiver SM’s.
There are two issues that might concern us at this point. The first one has to
do with the existence of tachyons. By choosing U1 = U2/3 the mass of the colour
aa⋆-sector goes to zero while the scalars from the ad, ad⋆-sectors can get tachyonic
values. However, as has been emphasized in [2], the last problem may be avoided
as scalars may receive loop corrections from one gauge boson exchange in the form
that may stronger for colour scalars. These corrections could drive their masses to
positive values (See also subsection (5.3)). The lighter scalar excitations for this
class of SM’s can be seen in table (6).
4.3 Exact SM vacua from the ‘reflected’ Q2-Quiver
This is another class of models which may have exactly the SM at low energy as
the scalars appearing are coloured and thus we expect loop corrections to lift the
tachyonic directions. In this subsection we examine the derivation of exactly the
SM at low energies from the embedding of the four stack SM structure of table (1)
in a Z3 quiver of Q2-type.
The solutions satisfying simultaneously the intersection constraints and the can-
cellation of the RR twisted crosscap tadpole cancellation constraints are given in
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Table 7: General tadpole solutions for the four-stack Q2-type quiver of intersecting D5-
branes, giving rise to exactly the standard model gauge group and observable chiral spec-
trum at low energies. The solutions depend on two integer parameters, n1a, n
1
d, the NS-
background β1 and the phase parameters ǫ = ǫ˜ = ±1, as well as the CP phase α.
parametric form in table (7). These solutions represent the most general solution
of the RR tadpoles. The solutions of table (7) satisfy all RR tadpole cancellation
conditions in (2.16) but the first. The latter reads :
9n1a −
1
β1
+ n1dǫ˜+
2ǫhNh
β1
= −8. (4.15)
In this case the U(1) couplings to twisted RR fields read
B
(1)
2 ∧ c1[2
(α2 − α)
β1
]F b,
D
(1)
2 ∧ c1[ǫǫ˜][3n
1
aF
a −
1
β1
F b +
1
β1
F c − ǫ˜n1dF
d],
E
(1)
2 ∧ c1[6ǫǫ˜β
1][3F a + F d]. (4.16)
The combination of the U(1)’s
Ql = (Qa − 3Qd)− 3β
1(n1a + ǫ˜n
1
d)Qc. (4.17)
represents the hypercharge if the condition
β1(n1a + ǫ˜n
1
d) = 1 (4.18)
is satisfied.
An alternative RR tadpole solution for the Q2-quiver class of SM’s can be seen
in table (8).
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Table 8: Alternative general tadpole solutions for the four-stack Q2-type quiver of inter-
secting D5-branes, giving rise to exactly the standard model gauge group and observable
chiral spectrum at low energies. The solutions depend on two integer parameters, n1a, n
1
d,
the NS-background β1 and the phase parameters ǫ = ǫ˜ = ±1, as well as the CP phase α.
In this case the U(1) couplings to twisted RR fields read
B
(1)
2 ∧ c1[2
(α2 − α)
β1
]F b,
D
(1)
2 ∧ c1[ǫǫ˜][−3n
1
aF
a +
1
β1
F b +
1
β1
F c − ǫ˜n1dF
d],
E
(1)
2 ∧ c1[−6ǫǫβ
1][3F a + F d]. (4.19)
The solutions of table (8) satisfy all RR tadpole cancellation conditions in (2.16)
but the first. The latter being
9n1a −
1
β1
+ n1dǫ˜+
2ǫhNh
β1
= −8. (4.20)
The U(1) which remains massless reads
Ql = (Qa − 3Qd) + 3β
1(n1a − ǫ˜n
1
d)Qc. (4.21)
The latter U(1) is the SM hypercharge if
β1(n1a − ǫ˜n
1
d) = −1. (4.22)
4.4 Scalar sector of the ‘reflected’ Q2-quiver
We will make the choice of RR tadpole parameters by taking into account the
constraints (4.15), (4.18). We choose
n1a = 1, n
1
d = 1, β
1 = 1/2, ǫh = −1, Nh = 4, ǫ = 1, ǫ˜ = 1 (4.23)
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Sector Representation α′ ·mass2
aa⋆ 2(3, 1)1/3 + (6, 1)−1/3 0
ad 2(3, 1)−2/3 0
ad⋆ 2(3, 1)1/3 ±
1
π tan
−1
(
U2
2
)
Table 9: Lightest scalar excitations for the four stack Q2-quiver SM’s. The limit U1 =
(U2)/3 is taken.
By choosing U1 = U2/3 the mass of the colour aa⋆, ad sector singlets goes to
zero while the scalars from the ad⋆-sectors have a tachyonic direction. The latter
should be lifted by loop corrections as it has been emphasized before(see also (5.3)).
Thus at low energies only the SM should remain.
4.5 SM vacua from the ‘reflected’ Q3-Quiver
In this subsection we examine the derivation of exactly the SM at low energies from
the embedding of the four stack SM structure of table (1) in a Z3 quiver of Q3-type.
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Nc = 1 (n
1
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Table 10: General tadpole solutions for the four-stack Q3-type quiver of intersecting D5-
branes, giving rise to models, with exactly the standard model gauge group and observable
chiral spectrum at low energies. The solutions depend on two integer parameters, n1b , n
1
c ,
the NS-background β1 and the phase parameters ǫ = ǫ˜ = ±1, as well as the CP phase α.
The solutions satisfying simultaneously the intersection constraints and the can-
cellation of the RR twisted crosscap tadpole cancellation constraints are given in
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parametric form in table (10). The solutions of table (10) satisfy all tadpole equa-
tions in (2.16) but the first. The latter reads :
n1b = −4 +
1
2β1
(1− 2ǫhNh). (4.24)
Also in this case the U(1) couplings to twisted RR fields read
B
(1)
2 ∧ c1[
(α2 − α)
β1
][3F a + F d],
D
(1)
2 ∧ c1[ǫǫ˜][−
3
2β1
F a + 6n1bF
b − 2n1c ǫ˜F
c −
3
2β1
F d],
E
(1)
2 ∧ c1[4ǫǫ˜β
1]F b. (4.25)
The low energy U(1) combination
Ql = (Qa − 3Qd) +
3ǫ
2β1n1c
Qc. (4.26)
is the hypercharge if
n1c = −
ǫ
2β1
. (4.27)
From (4.24), (4.27) we conclude that β1 = 1/2.
An alternative RR tadpole cancellation to the one appearing in table (10) appears
in table (11).
In this case, all tadpole conditions but the first, in (2.16), are satisfied, thus
n1b = −4 +
1
2β1
(1− 2ǫhNh) (4.28)
The U(1) couplings to twisted RR fields read:
B
(1)
2 ∧ c1[
(α2 − α)
β1
][3F a + F d],
D
(1)
2 ∧ c1[ǫǫ˜][
3
2β1
F a − 6n1bF
b − 2n1c ǫ˜F
c +
3
2β1
F d],
E
(1)
2 ∧ c1[−4ǫǫ˜β
1]F b. (4.29)
In this case, the combination of the U(1)’s which is the SM hypercharge is
Ql = (Qa − 3Qd)−
3ǫ˜
2β1n1c
Qc. (4.30)
if the hypercharge condition in satisfied, namely
n1c =
ǫ˜
2β1
(4.31)
From (4.28), (4.31) we conclude that β1 = 1/2.
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Table 11: Alternative general tadpole solutions for the four-stack Q3-type quiver of in-
tersecting D5-branes, giving rise to models with exactly the standard model gauge group
and observable chiral spectrum at low energies. The solutions depend on two integer pa-
rameters, n1b , n
1
c , the NS-background β
1 and the phase parameters ǫ = ǫ˜ = ±1, as well as
the CP phase α.
4.6 Scalar sector of the ‘reflected’ Q3-quiver
We will make the choice of RR tadpole parameters by taking into account the
constraints (4.15), (4.18). We choose
n1b = 1, n
1
c = 1, β
1 = 1/2, ǫh = −1, Nh = 4, ǫ = −1, ǫ˜ = −1 (4.32)
Sector Representation α′ ·mass2
bb⋆ 3(1, 1)0 ±
1
π [tan
−1(U
1
2 )− tan
−1(U
2
2 )]
bc 2(2, 1)1/2 ±
1
2π [tan
−1(U
1
2 ) + tan
−1(3U
1
2 )− tan
−1(3U
2
2 ) + tan
−1(U
2
0 )]
bc⋆ (2, 1)−1/2 ±
1
π [tan
−1(U
1
2 )− tan
−1(3U
1
2 )− tan
−1(3U
2
2 ) + tan
−1(U
2
0 )
Table 12: Lightest scalar excitations for the four stack Q3-quiver SM’s.
If we choose U1 = U2 then the mass of the aa⋆ scalars goes to zero. However
the scalars from the bc, bc⋆ may tend to zero only when the U1 modulus assumes
simultaneously the limit U1 →∞, a decompactification limit. However, is is possible
to lift these tachyonic directions by loop corrections [6, 2], that are not expected to
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be so strong as for colour scalars. Thus the SM may remain at low energies. An
alternative way to show that there always be directions in the moduli space that will
give the SM at low energy will be shown in section 7 using brane recombination.
4.7 SM vacua from the ‘reflected’ Q4-Quiver
In this subsection we examine the derivation of exactly the SM at low energies from
the embedding of the four stack SM structure of table (1) in a Z3 quiver of Q4-type.
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Table 13: General tadpole solutions for the four-stack Q4-type quiver of intersecting D5-
branes, giving rise to models with exactly the standard model gauge group and observable
chiral spectrum at low energies. The solutions depend on two integer parameters, n1b , n
1
c ,
the NS-background β1 and the phase parameters ǫ = ǫ˜ = ±1, as well as the CP phase α.
The solutions satisfying simultaneously the intersection constraints and the can-
cellation of the RR twisted crosscap tadpole cancellation constraints are given in
parametric form in table (13). These solutions represent the most general solution
of the twisted RR tadpoles (2.16). The solutions of table (13) satisfy all tadpole
equations, in (2.16), but the first. The latter reads :
n1b = −4 +
1
β1
(1− ǫhNh). (4.33)
Further, the U(1) couplings to twisted RR fields read
B
(1)
2 ∧ c1[
(α2 − α)
β1
][3F a + F d],
D
(1)
2 ∧ c1[ǫǫ˜][−
3
2β1
F a + 6n1bF
b − 2n1c ǫ˜F
c +
3
2β1
F d],
E
(1)
2 ∧ c1[4ǫǫ˜β
1]F b. (4.34)
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The ‘light’ U(1) combination
Ql = (Qa − 3Qd)−
3ǫ
β1n1c
Qc. (4.35)
is identified as the SM hypercharge if the condition
n1c =
ǫ
β1
(4.36)
is satisfied. From (4.33), (4.36) we conclude that β1 = 1.
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Table 14: Alternative general tadpole solutions for the four-stack Q4-type quiver of inter-
secting D5-branes, giving rise to SM-like models with exactly the standard model gauge
group and observable chiral spectrum at low energies. The solutions depend on two integer
parameters, n1b , n
1
c , the NS-background β
1 and the phase parameters ǫ = ǫ˜ = ±1, as well
as the CP phase α.
An alternative RR tadpole cancellation to the one appearing in table (13) appears
in table (14). The twisted RR solutions of table (14) satisfy all tadpole equations,
in (2.16), but the first. The latter reads :
n1b = −4 +
1
β1
(1− ǫhNh). (4.37)
In this case the U(1) couplings to twisted RR fields read
B
(1)
2 ∧ c1[
(α2 − α)
β1
][3F a + F d],
D
(1)
2 ∧ c1[ǫǫ˜][
3
2β1
F a − 6n1bF
b − 2n1c ǫ˜F
c −
3
2β1
F d],
E
(1)
2 ∧ c1[−4ǫǫ˜β
1]F b. (4.38)
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In this alternative solution the U(1) combination
Ql = (Qa − 3Qd) +
3ǫ˜
n1cβ
1
Qc. (4.39)
is identified as the hypercharge if
n1c =
ǫ˜
β1
. (4.40)
From (4.37), (4.40) we conclude that β1 = 1. The Q4-models may give the SM at
low energy as the scalar tachyonic directions may always be lifted.
4.8 Exact SM vacua from the a1-Quiver
In this subsection we examine the derivation of exactly the SM at low energies from
the embedding of the four stack SM structure of table (1) in a Z3 quiver of a1-type.
The latter quiver can be seen in figure (2). For an alternative RR tadpole solution
of the a1-quiver see [2].
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Table 15: General tadpole solutions for the four-stack a1-type quiver of intersecting
D5-branes, giving rise to exactly the standard model gauge group and observable chiral
spectrum at low energies.
The solutions satisfying simultaneously the intersection constraints and the can-
cellation of the RR twisted crosscap tadpole cancellation constraints are given in
parametric form in table (15). These solutions represent the most general solu-
tion of the twisted RR tadpoles (2.16). They depend on two integer parameters
n1a, n
1
d, the phase parameters ǫ = ±1, ǫ˜ = ±1, and the NS-background parameter
βi = 1− bi, which is associated to the presence of the NS B-field by bi = 0, 1/2.
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The solutions of table (15) satisfy all tadpole equations, in (2.16), but the first.
The latter reads :
9n1a −
1
β1
+ ǫ˜n1d +
2ǫhNh
β1
= −8 (4.41)
In this case the U(1) couplings to twisted RR fields read
B
(1)
2 ∧ c1[−2
(α2 − α)
β1
]F b,
D
(1)
2 ∧ c1[ǫǫ˜][−3n
1
aF
a +
1
β1
F b +
1
β1
F c + ǫ˜n1dF
d],
E
(1)
2 ∧ c1[6ǫǫ˜β
1](3F a + F d). (4.42)
From (4.42) it is easily identified the hypercharge as the U(1) combination
Ql = (Qa − 3Qd) + 3β
1(n1a + ǫ˜n
1
d)Qc. (4.43)
which simultaneously satisfies
β1(n1a + ǫ˜n
1
d) = −1 (4.44)
An alternative solution to the RR tadpole solutions for the a1-quiver, we found
in table (15), can be seen in table (16).
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Table 16: Alternative general twisted RR tadpole solutions for the four-stack a1-type
quiver of intersecting D5-branes, giving rise to exactly the standard model gauge group
and observable chiral spectrum at low energies. The solutions depend on two integer
parameters, n1a, n
1
d, the NS-background β
1 and the phase parameters ǫ = ǫ˜ = ±1, as well
as the CP phase α.
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The solutions of table (16) satisfy all tadpole equations, in (2.16), but the first.
The latter reads :
9n1a −
1
β1
− ǫ˜n1d +
2ǫhNh
β1
= −8 (4.45)
In this case the U(1) couplings to twisted RR fields read
B
(1)
2 ∧ c1[2
(α− α2)
β1
]F b,
D
(1)
2 ∧ c1[ǫǫ˜][3n
1
aF
a −
1
β1
F b −
1
β1
F c + ǫ˜n1dF
d],
E
(1)
2 ∧ c1[−6ǫǫ˜β
1](3F a + F d). (4.46)
Similarly the hypercharge gets identified as the expression
Ql = (Qa − 3Qd) + 3β
1(n1a − ǫ˜n
1
d)Qc. (4.47)
which satisfies the additional condition
β1(n1a − ǫ˜n
1
d) = −1 (4.48)
4.9 Exact SM vacua from the a2-Quiver
In this subsection we examine the derivation of exactly the SM at low energies from
the embedding of the four stack SM structure of table (1) in a Z3 quiver of a2-type.
The latter quiver can be seen in figure (2). For an alternative RR tadpole solution
of the a2-quiver see [2].
The solutions satisfying simultaneously the intersection constraints and the can-
cellation of the RR twisted crosscap tadpole cancellation constraints are given in
parametric form in table (17). These solutions represent the most general solu-
tion of the twisted RR tadpoles (2.16). They depend on two integer parameters
n1a, n
1
d, the phase parameters ǫ = ±1, ǫ˜ = ±1, and the NS-background parameter
βi = 1 − bi, which is associated to the presence of the NS B-field by bi = 0, 1/2.
The solutions of table (17) satisfy all tadpole equations in (2.16), but the first. The
latter reads :
9n1a −
1
β1
+ ǫ˜n1d +
2ǫhNh
β1
= −8 (4.49)
In this case the U(1) couplings to twisted RR fields read
B
(1)
2 ∧ c1[−2
(α2 − α)
β1
]F b,
D
(1)
2 ∧ c1[ǫǫ˜][−3n
1
aF
a +
1
β1
F b −
1
β1
F c + ǫ˜n1dF
d],
E
(1)
2 ∧ c1[6ǫǫ˜β
1](3F a + F d). (4.50)
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Table 17: General tadpole solutions for the four-stack a2-type quiver of intersecting
D5-branes, giving rise to exactly the standard model gauge group and observable chiral
spectrum at low energies.
The combination of the U(1)’s
Ql = (Qa − 3Qd)− 3β
1(n1a + ǫ˜n
1
d)Qc (4.51)
may be the SM hypercharge if the condition
β1(n1a + ǫ˜n
1
d) = 1 (4.52)
An alternative solution to the RR tadpole solutions for the a2-quiver, we found
in table (17), can be seen in table (18).
In this case all tadpole equations but the first, in (2.16), are satisfied. The latter
reads :
9n1a −
1
β1
− ǫ˜n1d +
2ǫhNh
β1
= −8 (4.53)
In this case the U(1) couplings to twisted RR fields read
B
(1)
2 ∧ c1[2
(α− α2)
β1
]F b,
D
(1)
2 ∧ c1[ǫǫ˜][3n
1
aF
a −
1
β1
F b +
1
β1
F c + ǫ˜n1dF
d],
E
(1)
2 ∧ c1[−6ǫǫ˜β
1](3F a + F d). (4.54)
Also in this case, the U(1)
Ql = (Qa − 3Qd)− 3β
1(n1a − ǫ˜n
1
d)Qc (4.55)
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Table 18: Alternative general twisted RR tadpole solutions for the four-stack a2-type
quiver of intersecting D5-branes, giving rise to exactly the standard model gauge group
and observable chiral spectrum at low energies. The solutions depend on two integer
parameters, n1a, n
1
d, the NS-background β
1 and the phase parameters ǫ = ǫ˜ = ±1, as well
as the CP phase α.
is being identified as the hypercharge if
β1(n1a − ǫ˜n
1
d) = 1 (4.56)
is satisfied.
4.10 SM vacua from the a3-Quiver
In this subsection we examine the derivation of exactly the SM at low energies from
the embedding of the four stack SM structure of table (1) in a Z3 quiver of a3-type.
The latter quiver can be seen in figure (2). For an alternative RR tadpole solution
of the a3-quiver see [2].
The solutions satisfying simultaneously the intersection constraints and the can-
cellation of the RR twisted crosscap tadpole cancellation constraints are given in
parametric form in table (19). These solutions represent the most general solu-
tion of the twisted RR tadpoles (2.16). They depend on two integer parameters
n1b , n
1
c , the phase parameters ǫ = ±1, ǫ˜ = ±1, and the NS-background parameter
βi = 1− bi, which is associated to the presence of the NS B-field by bi = 0, 1/2.
The RR tadpole solutions of table (19) satisfy all tadpole equations, in (2.16),
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Table 19: General twisted RR tadpole solutions for the four-stack a3-type quiver of
intersecting D5-branes, giving rise to SM-like models with exactly the standard model
gauge group and observable chiral spectrum at low energies.
but the first. The latter reads :
n1b = −4 +
1
2β1
(1− 2ǫhNh) (4.57)
In this case the U(1) couplings to twisted RR fields read
B
(1)
2 ∧ c1[
(α− α2)
β1
](3F a + F d),
D
(1)
2 ∧ c1[ǫǫ˜][
3
2β1
F a − 6n1bF
b + 2n1c ǫ˜F
c +
3
2β1
F d],
E
(1)
2 ∧ c1[4ǫǫ˜β
1]F b. (4.58)
The U(1) combination given by
Ql = (Qa − 3Qd)−
3ǫ˜
2β1n1c
Qc. (4.59)
is the SM hypercharge if
n1c =
ǫ˜
2β1
(4.60)
From (4.57) and (4.60) we conclude that β1 = 1/2.
An alternative solution to the RR tadpole solutions for the a3-quiver, we found
in table (19), can be seen in table (20).
The solutions of table (20) satisfy all tadpole equations, in (2.16), but the first.
The latter reads :
n1b = −4 +
1
2β1
(1− 2ǫhNh) (4.61)
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Table 20: Alternative general twisted RR tadpole solutions for the four-stack a3-type
quiver of intersecting D5-branes, giving rise to models with exactly the standard model
gauge group and observable chiral spectrum at low energies. The solutions depend on two
integer parameters, n1b , n
1
c , the NS-background β
1 and the phase parameters ǫ = ǫ˜ = ±1,
as well as the CP phase α.
In this case the U(1) couplings to twisted RR fields read
B
(1)
2 ∧ c1[
(α− α2)
β1
](3F a + F d),
D
(1)
2 ∧ c1[ǫǫ˜][−
3
2β1
F a + 6n1bF
b + 2n1c ǫ˜F
c −
3
2β1
F d],
E
(1)
2 ∧ c1[−4ǫǫ˜β
1]F b. (4.62)
From (4.62) we conclude that the U(1) combination
Ql = (Qa − 3Qd)−
3ǫ˜
2β1n1c
Qc (4.63)
is the hypercharge if
n1c =
ǫ˜
2β1
(4.64)
From (4.61) and (4.64) we conclude that β1 = 1/2. That means that the alternative
solution of table (20) gives at low energy a SM vacuum with identical parameter as
that of (19). Thus there is no need for us to redefine the background to show the
equivalence between the two vacua.
4.11 SM vacua from the a4-Quiver
In this subsection we examine the derivation of exactly the SM at low energies from
the embedding of the four stack SM structure of table (1) in a Z3 quiver of a4-type.
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The latter quiver can be seen in figure (2). For an alternative RR tadpole solution
of the a4-quiver see [2].
Ni (n
1
i ,m
1
i ) (n
2
i ,m
2
i ) (n
3
i ,m
3
i )
Na = 3 (1/β
1, 0) (1,− 12 ǫ˜ǫ) α13
Nb = 2 (n
1
b , ǫ˜ǫβ
1) (1,− 32ǫǫ˜) 12
Nc = 1 (n
1
c , 3ǫβ
1) (0, ǫ) 1
Nd = 1 (1/β
1, 0) (1, 32 ǫǫ˜) α
Nh (ǫh/β
1, 0) (2, 0) 1Nh
Table 21: General twisted RR tadpole solutions for the four-stack a4-type quiver of
intersecting D5-branes, giving rise to SM models with exactly the standard model gauge
group and observable chiral spectrum at low energies. The solutions depend on two integer
parameters, n1b , n
1
c , the NS-background β
1 and the phase parameters ǫ = ǫ˜ = ±1, as well
as the CP phase α.
The solutions satisfying simultaneously the intersection constraints and the can-
cellation of the RR twisted crosscap tadpole cancellation constraints are given in
parametric form in table (21). The solutions of table (21) satisfy all tadpole equa-
tions in (2.16), but the first. The latter reads :
n1b = −4 +
1
β1
(1− ǫhNh) (4.65)
In this case the U(1) couplings to twisted RR fields read
B
(1)
2 ∧ c1[
(α− α2)
β1
](3F a + F d),
D
(1)
2 ∧ c1[ǫǫ˜][−
3
2β1
F a + 6n1bF
b + 2n1c ǫ˜F
c +
3
2β1
F d],
E
(1)
2 ∧ c1[4ǫǫ˜β
1]F b. (4.66)
From (refrapo3) we conclude that the U(1) combination
Ql = (Qa − 3Qd) +
3ǫ˜
β1n1c
Qc. (4.67)
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represents the SM hypercharge if the hypercharge condition is satisfied
nc1 = −
ǫ˜
β1
. (4.68)
From (4.65) and (4.68) we conclude that β1 = 1.
An alternative solution to the RR tadpole solutions for the a4-quiver can be seen
in table (22).
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Table 22: Alternative general twisted RR tadpole solutions for the four-stack a4-type
quiver of intersecting D5-branes, giving rise to to models with the standard model gauge
group and observable chiral spectrum at low energies and also some tachyon scalars. The
tachyon directions may always be lifted to positive values. The solutions depend on two
integer parameters, n1b , n
1
c , the NS-background β
1 and the phase parameters ǫ = ǫ˜ = ±1,
as well as the CP phase α.
The solutions of table (22) satisfy all tadpole equations in (2.16), but the first.
The latter reads :
n1b = −4 +
1
β1
(1− ǫhNh) (4.69)
In this case the U(1) couplings to twisted RR fields read
B
(1)
2 ∧ c1[
(α− α2)
β1
](3F a + F d),
D
(1)
2 ∧ c1[ǫǫ˜][−
3
2β1
F a + 6n1bF
b + 2n1c ǫ˜F
c +
3
2β1
F d],
E
(1)
2 ∧ c1[4ǫǫ˜β
1]F b. (4.70)
The combination of the U(1)’s which remains light at low energies is identical to
(4.67). Also the hypercharge condition in this case is identical to (4.68). In addition
β1 = 1.
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4.12 Effective SM Theories from the Qi and ai Quivers
As we have already pointed out the theories described by the Qi-, ai-quivers, i =
1, .., 4, and seen in figures (1), (2), are in one to one correspondence. Lets us show
that the theories described by these quivers are equivalent. The correspondence is
a1 ⇔ Q1, a2 ⇔ Q2, a3 ⇔ Q3, a4 ⇔ Q4, (4.71)
Lets us discuss the relation a1 ⇔ Q1. A direct comparison of the theories
between the two quivers, e.g. using the relations (4.2), (4.8), (4.9) for the Q1-quiver
and (4.41), (4.43), (4.44) for the a1-quiver, shows that the first tadpole condition,
and the hypercharge of the initially different classes of models are identical 8. That
means that the low energy content of the the two quivers is identical as matter as it
concerns the fermion sector; the low energy effective theories are identical. For the
two classes of theories to be actually equivalent we have to show that their scalar
sector as well the couplings of the antisymmetric fields to various two form RR fields
are identical. This is obvious, since the data that we have to take into account to
calculate the scalar sector are based on the selection of a particular set of wrapping
numbers satisfying the first tadpole condition and the hypercharge condition. The
latter equations are identical, thus the scalar sector is identical for both theories.
Also the various couplings to twisted RR fields are the same. In the following, we
compare the theories coming from their general RR tadpole solutions and not their
alternative solutions seen in tables (8), (10), (12), (16), (18), (20).
Identical relations hold for the other pair a2 ⇔ Q2.
For the pair a3 ⇔ Q3 we need to transform
ǫ
Q3→a3→ ǫ˜, (4.72)
in the Q3 quiver relations to show that the two class of SM theories are identical.
For the pair a4 ⇔ Q4 we need to transform
ǫ
Q4→a4→ −ǫ˜, (4.73)
in the Q4 quiver relations to show that the two class of SM theories are identical. We
note that the correspondence between the ‘reflected’ quivers Qi and their ‘images’
ai is most easily seen in the solutions presented in this work.
Alternatively, we could try to prove the equivalence e.g. of the effective theories
8Also identical appear to be the couplings to RR fields
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Figure 3: Assignment of SM embedding in configurations of five stacks of D5 branes
depicted by Z3 quiver diagrams. At low energy we get the SM. Note that α˜ = α
−1.
for the Qi-quivers presented in this work and those one’s that follow from the RR
tadpole solutions for the ai-quivers, that appeared in [2]. In this case the transfor-
mations needed for the two theories to be proven equivalent are more complicated,
as can be seen by the field redefinition,
β1
Q2→4.a1→ ǫ˜β1, ǫ˜n1d
Q1→4.a1→ n1d . (4.74)
We note that we have used the RR tadpole solutions of the 4.a1-quiver (the a2-
quiver of the present work) of [2] and also relations (4.49), (4.50), (4.51), (4.52), of
the present work.
5 Standard Model Vacua from Five-Stack Quiv-
ers
In this chapter, we will discuss the basic elements of the five stack SM quiver em-
bedding classification, namely the classification of the different quivers describing
the SM embedding of chiral fermions of different intersecting D5 branes that appear
in table (2). We discuss for simplicity the embedding in Z3 quivers. For each class
of models, we present the general class of solutions to the twisted RR tadpole solu-
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tions, the two massless U(1)’s, surviving the Green-Schwarz mechanism, as well the
hypercharge condition on the parameters of the tadpole solutions, that is needed for
one of the massless U(1)’s to be identified with the hypercharge generator of the SM.
We will explicitly describe the scalars generically present in the models only for the
A1 quiver. The scalars generically present in these classes of models are expected
to get massive from the loop corrections (5.18). Also, the extra, beyond the hyper-
charge combination, anomaly free U(1)’s get massive by the use of the some charged
scalars getting a vev and/or their non-zero coupling to twisted RR fields. Thus in
the classes of theories coming from five stack quivers, the SM survives in general
down to low energy. In general one expects to find always tachyonic scalars that
might look problematic. However, the tachyonic diretions might be lifted by loop
corrections (see section (5.3)) or as we will show in section 7, the present SM-like
structure of the models is not permanent as using brane recombination the models
flow to the associated four stack quiver 9. In this procedure we have assumed that
brane recombination e.g. d+ e→ d˜ takes place .
The multiparameter tadpole solutions appearing in tables (23), (25), (26), (27),
represent deformations of the D5-brane branes, of table (2), intersecting at angles,
within the same homology class of the factorizable two-cycles.
5.1 SM Vacua from the Five-Stack A1-type quiver
The first class of models, that give the SM at low energy, are associated with the
A1-quiver and can be seen in figure (3).
The solutions satisfying simultaneously the intersection constraints and the can-
cellation of the RR crosscap tadpole constraints are given in parametric form in
table (23). These solutions represent the most general solution of the twisted RR
tadpoles.
The solutions of table (23) satisfy all tadpole equations in (2.16), but the first.
The latter becomes :
9n1a −
ǫ˜
β1
+ n1d + n
1
e +
2ǫhNh
β1
= −8 (5.1)
Note that we had added the presence of extra Nh branes. Their contribution to the
RR tadpole conditions is best described by placing them in the three-factorizable
cycle
Nh (ǫh/β1, 0) (2, 0)1Nh (5.2)
9which is obtained by naively deleting the e-brane from the five stack quiver
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1
i ,m
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i ) (n
2
i ,m
2
i ) (n
3
i ,m
3
i )
Na = 3 (n
1
a,−ǫβ
1) (3, 12 ǫ˜ǫ) 13
Nb = 2 (1/β1, 0) (ǫ˜,
1
2ǫ) α12
Nc = 1 (1/β1, 0) (0,−ǫ) α
Nd = 1 (n
1
d,−2ǫβ
1) (1,− 12ǫǫ˜) 1
Ne = 1 (n
1
e,−ǫβ
1) (1,− 12ǫǫ˜) 1
Nh (ǫh/β
1, 0) (2, 0) 1Nh
Table 23: General tadpole solutions for the five-stack A1-type quiver of intersecting
D5-branes, giving rise to SM at low energies. The solutions depend on three integer
parameters, n1a, n
1
d, n
1
e, the NS-background β
1 and the phase parameters ǫ = ǫ˜ = ±1, as
well as the CP phase α.
The presence of Nh D5-branes, give an extra U(Nh) gauge group, which don’t con-
tribute to the rest of the tadpoles and intersection constraints. Thus in terms of the
low energy theory their presence has no effect. For the A1-quiver the constraints
from U(1) anomaly cancellation appear into three terms
B
(1)
2 ∧ c1
(
2ǫ˜(α− α2)
β1
)
F b,
D
(1)
2 ∧ c1
(
ǫǫ¯(3n1aF
a − n1dF
d − n1eF
e)−
ǫ
β1
(F b − F c)
)
,
E
(1)
2 ∧ c1[−2ǫβ
1][9F a + 2F d + F e]. (5.3)
A U(1), which is orthogonal to the U(1)’s coupled to the RR fields in(5.3), is given
by
Ql = (Qa − 3Qd − 3Qe)− 3ǫ˜β
1(n1a + n
1
d + n
1
e)Qc. (5.4)
The subclass of tadpole solutions of (5.4) having the SM hypercharge assignment
at low energies is exactly the one which is proportional to (3.5). It satisfies the
condition,
ǫ˜β1 (n
1
a + n
1
d + n
1
e) = 1. (5.5)
Summarizing, as long as (5.5) holds (5.4) is the hypercharge generator of the SM.
Thus at low energies we get the chiral fermion content of the SM that gets localized
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according to open string sectors appearing in table (2). We note that there is one
extra anomaly free U(1) beyond the hypercharge combination which is
Q(5) = Qd − 2Qe +Qc (5.6)
The latter U(1) is orthogonal to the U(1)’s seen in (5.3), if
−n1d + 2n
1
e +
ǫ˜
β1
= 0 (5.7)
The following choice of wrapping numbers is consistent with the constraints (5.1),
(5.5), (5.7)
β1 = 1, n
1
d = 3, n
1
e = 1, n
1
a = −3, ǫ˜ = 1, ǫ = 1, ǫh = −1, Nh = 8 (5.8)
One comment is in order. The A1-quiver five stack diagram is similar to the
a2-four stack quiver of table (2). Their only difference stems from the addition of
the 5-th stack of e-branes in the quiver node which transforms with CP phase 1.
By taking the limit of vanishing e brane, at the same time taking the limit where
the contributions of the e-brane to the hypercharge generator vanish, e.g. n1e → 0,
we recover the corresponding four stack hypercharge that is associated with the a2-
quiver in (4.43) only if the moduli tadpole parameters of the five stack A1-quiver
SM-like model change as follows:
ǫ˜β1 → β1, n1d → ǫ˜n
1
d, ǫh →
ǫh
ǫ˜
. (5.9)
Thus quivers on different stacks appear to have the same effective low energy theory,
the SM, at low energy. Actually, the tadpole constraint at the limit n1e = 0 are the
same for both theories (see (5.1), (4.49)). However, it appears at this stage that
their scalar sectors are not identical. It will not be the case. Later in section 7 we
will see that all five stack quivers are identical theories to their associated four stack
quivers thus they have only the SM at low energy, also suggesting that string vacua
in the present models are continuously connected.
5.2 Higgs sector of the Five-Stack A1-quiver
A general comment is in order. The A1 five-stack quiver describes the embedding of
the SM chiral fermions of table 2, in the A1-quiver. However, all quivers described
in this work, are constructed be deforming around the QCD intersections Iab, Iab⋆ ,
Iac, Iac⋆ . Thus the Higgs sector which is coming from b,c, branes is of common origin
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to the present D5-branes and also in the corresponding five-stack D6 models of [33].
This is easily understood as it is the SM embedding of table 2 which is embedded
in either the present D5-brane models or the D6-brane models of [33]. For the sake
of completeness we will repeat some aspects of this mechanism.
The set of Higgs present in the models get localized on the bc, bc⋆ intersections.
The Higgs available in the models can be seen in [33] Apriori, this set of Higgs , are
part of the massive spectrum of fields localized in the intersections bc, bc⋆. However,
the Higgses Hi, hi become massless, and effectively tachyonic triggering electroweak
symmetry breaking, by varying the distance along the first tori between the b, c⋆,
b, c branes respectively. Similar set of Higgs fields appear in the four [32], five [33],
six stack D6-SM’s [34] as well the Pati-Salam four stack D6-models [35].
For the models presented in this work, the number of complex scalar doublets
is equal to the non-zero intersection number product between the bc, bc⋆ branes in
the second complex plane. Thus nH± = Ibc⋆ = 1, nh± = Ibc = 1 . As it have
been discussed before in [32, 33, 34, 35] the presence of scalar doublets H±, h±, can
be seen as coming from a field theory mass matrix involving the fields Hi and hi
defined as
H± =
1
2
(H∗1 ±H2); h
± =
1
2
(h∗1 ± h2) . (5.10)
and making the effective potential which corresponds to the spectrum of Higgs
scalars to be given by
VHiggs = m
2
H(|H1|
2 + |H2|
2) + m2h(|h1|
2 + |h2|
2)
+ m2BH1H2 + m
2
bh1h2 + h.c., (5.11)
where
mh
2 =
M2sZ
(bc)
1
4π2
; mH
2 =
M2sZ
(bc∗)
1
4π2
m2b =
M2s
2α′
|ϑ(bc)2 | ; m
2
B =
M2s
2α′
|ϑ(bc
∗)
2 |, (5.12)
and
ϑ
(bc)
2 =
π
2
+ tan−1
(
U2
2
)
, ϑ
(bc⋆)
2 =
π
2
− tan−1
(
U2
2
)
, (5.13)
and we have made the choice of parameters (5.8).
We note that the Z1 is a free parameter, a moduli, and thus can become very
small in relation to the Planck scale.
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5.3 Scalar sectors of the Five-Stack A1-quiver
Scalars appear in the theory in sectors that share the same CP phase. Thus for
example in the A1-quiver that we will examine in detail, the lightest scalars appear
from the nine intersections aa⋆, dd⋆, ee⋆, ad, ad⋆, ae, ae⋆, de, de⋆. They are listed
in table (24). We note that the subscript in the scalar representations denotes the
hypercharge.
Let us make the choice (5.8). Within this choice, the angles that the branes a,
b, c, d, e form with the orientifold plane appear as follows :
ϑ1a = −π + tan
−1
(
U1
5
)
, ϑ1d = −tan
−1
(
2U1
3
)
, (5.14)
ϑ2a = −tan
−1
(
U2
6
)
, ϑ2d = tan
−1
(
U2
2
)
, (5.15)
ϑ1e = −tan
−1
(
U1
)
, ϑ2e = tan
−1
(
U2
2
)
. (5.16)
(5.17)
As can be seen from table (24) there is a number of scalars present in the models.
These scalars may receive, as the models are non-SUSY, important higher loop
corrections which are stronger for coloured scalars. As it has been emphasized
before [19, 2], the precise form of the one loop corrections takes the form
∆m2(µ) =
∑
a
4CaFαa(Ms)
4π
M2s fa log(Ms/µ)∆M
2
KK/W , (5.18)
where t = 2 log(Ms/µ) and ba the one-loop β-function coefficients, C
a
F the quadratic
Casimir in the fundamental representation and the sum over the index a runs over
the different gauge representation of the individual scalar fields. Also, ∆M2KK/W
receives contributions from Kaluza-Klein, winding and string excitations lighter than
the string scale 10. Thus all scalars in the models are expected to receive non-zero
contributions to their mass, the latter being driven to positive values for these
scalars.
The complete absence of tachyons in the models is difficult to be maintained just
by fixing the complex structure parameter. E.g. the choice
2U1
3
=
U2
2
, (5.19)
10Where fa =
2+ba
αa(Ms)
4π t
1+ba
αa(Ms)
4π t
, and ba the coefficients of the one-loop β-functions.
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Sector Representation α′ ·mass2
aa⋆ 10(3, 1)1/3 + 8(6, 1)−1/3 ±
(
−1 + 1π tan
−1(U
1
3 )−
1
π tan
−1(U
2
6 )
)
dd⋆ 4(1, 1)−1 ±
1
π
(
−tan−1(2U
1
3 ) + tan
−1(U
2
2 )
)
ee⋆ No scalars present
ad 18(3, 1)−2/3 ±
1
2 [
1
π tan
−1(U
1
3 )−
1
π tan
−1(U
2
6 ) +
1
π tan
−1(U
2
2 )
− 1π tan
−1(2U
1
3 )]
ad⋆ 3(3, 1)−1/3 ±
1
2π [−π + tan
−1(U
2
2 )− tan
−1(2U
1
3 ) + tan
−1(U
1
3 )
−tan−1(U
2
6 )]
ae⋆ 2(3, 1)1/3 ±
1
2π [−π + tan
−1(U
1
3 ) + tan
−1(U
2
2 )− tan
−1(U
2
6 )
−tan−1(U1)]
ae 8(3, 1)−2/3 ±
1
2π [−π − tan
−1(2U
2
3 ) + tan
−1(U
2
2 ) + tan
−1(U
1
3 )
+tan−1(U1)]
de (1, 1)0 ±
1
2π
(
−tan−1(2U
1
3 ) + tan
−1(U1)
)
+ Z
2
4π2
de⋆ 5(1, 1)0 ±
1
2π
(
−tan−1(U1)− tan−1(2U
1
3 ) + 2tan
−1(U
2
2 )
)
Table 24: Lightest scalar excitations for the A1-quiver models. The subscript denotes the
hypercharge.
sends to zero the mass of the dd⋆ scalars. Also the mass of the de-sector singlet
scalars may become positive by varying the distance between the branes. In addi-
tion, all scalars receive corrections from (5.18). Thus the A1-models may receive
important loop corrections which may lift their tachyonic directions. The latter
argument will be further justified in section 7, where the models will be shown to
be equivalent to the four stack a1 quivers under brane recombination. A comment
is in order. From the ee⋆ sector there are no scalars present, as can be seen from
the fact that the “existing” scalars transform in the antisymmetric representation
of the U(1) group.
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5.4 Vacua from the Five-Stack A1-type quiver
In this section we examine the derivation of a class of Standard models with exactly
the SM at low energies, from the embedding of the five stack SM structure of table
(2) in the quiver of A1-type.
Ni (n
1
i ,m
1
i ) (n
2
i ,m
2
i ) (n
3
i ,m
3
i )
Na = 3 (n
1
a, ǫǫ˜β
1) (3, 12 ǫ˜ǫ) 13
Nb = 2 (1/β1, 0) (1,
1
2ǫǫ˜) α
212
Nc = 1 (1/β1, 0) (0,−ǫǫ˜) α2
Nd = 1 (n
1
d, 2ǫβ
1) (ǫ˜,− 12ǫ) 1
Ne = 1 (n
1
e, ǫβ
1) (ǫ˜,− 12ǫ) 1
Nh (ǫh/β
1, 0) (2, 0) 1Nh
Table 25: General tadpole solutions for the five-stack A1-type quiver of intersecting D5-
branes, giving rise to exactly the standard model to low energies. The solutions depend
on three integer parameters, n1a, n
1
d, n
1
e, the NS-background β
1 and the phase parameters
ǫ = ǫ˜ = ±1, as well as the CP phase α.
The solutions satisfying simultaneously the intersection constraints and the can-
cellation of the RR twisted crosscap tadpole cancellation constraints are given in
parametric form in table (25). These solutions represent the most general solu-
tion of the RR tadpoles. The twisted RR solutions of table (25) satisfy all tadpole
equations in (2.16), but the first. The latter reads :
9n1a −
1
β1
+ n1dǫ˜+ n
1
e ǫ˜+
2ǫhNh
β1
= −8. (5.20)
Note that we had added the presence of extra Nh branes. Their contribution to the
RR tadpole conditions is best described by placing them in the three-factorizable
cycle
Nh (ǫh/β1, 0) (2, 0)1Nh . (5.21)
The presence of an arbitrary number of Nh D5-branes, which give an extra U(Nh)
gauge group, don’t make any contribution to the rest of the tadpoles and intersection
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constraints. Thus in terms of the low energy theory their presence has no effect.
The U(1) couplings to twisted RR fields read:
B
(1)
2 ∧ c1[2
(α2 − α)
β1
]F b,
D
(1)
2 ∧ c1[ǫǫ˜][3n
1
aF
a −
1
β1
F b +
1
β1
F c − ǫ˜n1dF
d − ǫ˜n1eF
e],
E
(1)
2 ∧ c1[2ǫǫ˜β
1][9F a + 2F d + F e]. (5.22)
The combination of the U(1)’s which remains light at low energies is given by
Ql = (Qa − 3Qd − 3Qe)− 3β
1(n1a + ǫ˜n
1
d + ǫ˜n
1
e)Qc. (5.23)
In addition, the hypercharge condition in this case is given uniquely by
β1(n1a + ǫ˜n
1
d + ǫ˜n
1
e) = 1. (5.24)
The, other than hypercharge, anomaly free, U(1) is given by
Q(5) = (Qd − 2Qe +Qc). (5.25)
Using the consition coming from the requirement the fifth U(1) to survive massless
the Green-SChwarz mechanism, e.g. if it is orthogonal to the model dependent U(1)
coupled to the RR field D
(1)
2 give us (1/β1)− ǫ˜n
1
d + 2ǫ˜n
1
e = 0. Wrappings consistent
with this constraint and (5.20) are given by
nd = 4, ne = 3, ǫ˜ = −1, β1 = 1/2, ǫ = 1, ǫh = 1, Nh = 20, n
1
a = 9. (5.26)
If the scalar fields (1, 1)0, which are localized in the de-sector with mass given by
11
α′m2de = ±
1
2π
|tan−1(
U1
4
)− tan−1(
U1
6
)|+
Z¯(2)
4π2
, (5.27)
receive a vev then they may break the Q(5) symmetry. All scalars that may ne
present in the models may receive important loop corrections frm (5.18) which may
lift their tachyonic directions. Thus at low energies only the SM survives.
5.5 SM Vacua from the Five-Stack A2-type quiver
In this section we examine the derivation of a class of theories with exactly the SM
at low energies. They come from the embedding of the five stack SM structure of
table (2) in the quiver of A2-type.
11where Z¯(2) is the transverse distance between the branes d, e in the second tori
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Nc = 1 (1/β1, 0) (0, ǫ) α
2
Nd = 1 (n
1
d,−2ǫβ
1) (1,− 12ǫǫ˜) 1
Ne = 1 (n
1
e,−ǫβ
1) (1,− 12ǫǫ˜) 1
Nh (ǫh/β
1, 0) (2, 0) 1Nh
Table 26: General tadpole solutions for the five-stack A2-type quiver of intersecting D5-
branes, giving rise to the SM at low energies. The solutions depend on three integer
parameters, n1a, n
1
d, n
1
e, the NS-background β
1 and the phase parameters ǫ = ǫ˜ = ±1, as
well as the CP phase α.
With the choice of tadpole solutions of table (26) all tadpole solutions in (2.16),
but the first, are satisfied, the latter giving
9n1a −
ǫ˜
β1
+ n1d + n
1
e +
2ǫhNh
β1
= −8. (5.28)
The U(1) couplings to twisted RR fields read:
B
(1)
2 ∧ c1[−2ǫ˜
α− α2
β1
]F b,
D
(1)
2 ∧ c1[ǫ˜ǫ][3n
1
aF
a −
ǫ˜
β1
F b −
ǫ˜
β1
F c − n1dF
d − n1eF
e],
E
(1)
2 ∧ c1(−2ǫβ
1)[9F a + 2F d + F e]. (5.29)
The combination of the U(1)’s which remains light at low energies is given by
Ql = (Qa − 3Qd − 3Qe) + 3ǫ˜β
1(n1a + n
1
d + n
1
e)Qc. (5.30)
while the hypercharge condition in this case is given uniquely by
ǫ˜β1(n1a + n
1
d + n
1
e) = −1. (5.31)
The fifth anomaly free U(1) given by
Q(5) = (Qd − 2Qe +Qc) (5.32)
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survives massless the generalized Green-Schwarz mechanism if −n1d+2n
1
e− ǫ˜/β
1 = 0.
Wrapping numbers consistent with this constraint and (5.28) are given by
n1e = 1, n
1
a = −3, n
1
d = 4, β1 = 1/2, ǫ = 1, ǫ˜ = 1, ǫh = 1, Nh = 3. (5.33)
Then U(1) gauge boson associated with (5.32) gets broken with the help of de-sector
scalars
(1, 1)0 (5.34)
with
α′m2de = ±
1
2π
(
−
1
π
tan−1(
U1
4
) + tan−1(
U1
2
)
)
+
Z¯2
4π2
, (5.35)
where Z¯ is the distance between the branes d, e in the second tori. The latter scalars
receive a vev and break the Q(5) symmetry leaving only the SM gauge symmetry
at low energies. Any tachyonic directions that may be present in the models may
receive important corrections from the couplings (5.18).
5.6 SM Vacua from the Five-Stack A2-type quiver
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Table 27: General tadpole solutions for the five-stack A2-type quiver of intersecting D5-
branes, giving rise to the SM at low energies. The solutions depend on three integer
parameters, n1a, n
1
d, n
1
e, the NS-background β
1 and the phase parameters ǫ = ǫ˜ = ±1, as
well as the CP phase α.
In this section we examine the derivation of a class of models, with exactly the
SM at low energies, from the embedding of the five stack SM structure of table (2) in
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the quiver of A2-type. With the choice of tadpole solutions of table (27) all tadpole
solutions in (2.16), but the first, are satisfied, the latter giving
9n1a −
1
β1
+ ǫ˜(n1d + n
1
e) +
2ǫhNh
β1
= −8. (5.36)
The U(1) couplings to twisted RR fields read
B
(1)
2 ∧ c1[−2
α− α2
β1
]F b,
D
(1)
2 ∧ c1[ǫ˜ǫ][3n
1
aF
a −
1
β1
F b −
1
β1
F c − ǫ˜n1dF
d − ǫ˜n1eF
e],
E
(1)
2 ∧ c1[2ǫǫβ
1][9F a + 2F d + F e]. (5.37)
The combination of the U(1)’s which remains light at low energies is given by
Ql = (Qa − 3Qd − 3Qe) + 3β
1(n1a + ǫ˜n
1
d + ǫ˜n
1
e)Qc. (5.38)
The hypercharge condition in this case is given uniquely by
β1(n1a + ǫ˜n
1
d + ǫ˜n
1
e) = −1 (5.39)
The other anomaly free U(1), beyond hypercharge, given by
Q(5) = Qd − 2Qe +Qc (5.40)
survive massless the Green-Schwarz mechanism if −n1d + 2n
1
e − (ǫ˜/β
1) = 0. A set of
wrappings consistent with the last constraint and (5.36) are given by
n1a = 3, nd = 4, ne = 1, ǫ˜ = −1, ǫ = 1, ǫh = 1, Nh = 1. β
1 = 1/2. (5.41)
The scalar fields breaking Q(5) get localized in the de-sector, e.g. (1, 1)0 with mass
given by
α′m2de = ±
1
2π
|tan−1(
U1
4
)− tan−1(
U1
2
)|+
Z¯(2)
4π2
, (5.42)
where Z¯(2) is the transverse distance between the branes d, e in the second tori. The
latter scalars receive a vev and break the Q(5) symmetry. Tachyonic scalar directions
may be lifted by their corrections from the couplings (5.18). Thus at low energy we
get the SM gauge group and chiral content.
6 Standard Models from Six-Stack Z3 Quivers
In this section, we discuss the embedding of SM configurations of table (3) in six
stacks of intersecting D5-branes at the string scale, that in general, give at low
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b*, c*
a*, d*, e, fa, d, e*, f*
Figure 4: Assignment of SM embedding in configurations of six stacks of D5 branes
depicted in Z3 quiver diagrams; six out of a total of ten quivers. In all the cases we get
the SM at low energy. Note that α˜ = α−1.
energy the SM together with some extra scalar fields. Part of these scalar fields
is responsible for breaking the two anomaly free free U(1)’s, beyond the the U(1)
corresponding to the SM, surviving massless the generalized Green-Schwarz mech-
anism. Nevertheless, all scalars may receive important loop corrections from (5.18)
which may lift all their tachyonic directions. The latter will be further justidied in
section 7 using brane recombination. The embedding of the six stack SM structure
of table (3) in various quivers can be seen in figures (4) and (6). In the present
work, we will describe explicitly only the C1, C2 quivers. Similar results hold for
the other six stack quivers. However, in the next section we will show by using brane
recombination that there is continuous flow of all the six stack quivers to their four
stack quiver ‘counterparts’.
6.1 SM Vacua from the Six-Stack C1-quiver
The C1-quiver of SM embedding seen in figure (3) is solved by the RR tadpole
solutions seen in Appendix II. With the latter choice the tadpole solutions in (2.16),
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but the first, are satisfied, the latter giving
9n1a −
ǫ˜
β1
+ n1d + n
1
e + n
1
f +
2ǫhNh
β1
= −8. (6.1)
Also the U(1) couplings to twisted RR fields read:
B
(1)
2 ∧ c1[2ǫ˜
α− α2
β1
]F b,
D
(1)
2 ∧ c1[ǫ˜ǫ][3n
1
aF
a −
ǫ˜
β1
F b +
ǫ˜
β1
F c − n1dF
d − n1eF
e − n1fF
f ],
E
(1)
2 ∧ c1(−2ǫβ
1)[9F a + F d + F e + F f ]. (6.2)
There are three U(1)’s which survive massless the Green-Schwarz mechanism. One
of them is automatically orthogonal to all U(1)’s seen in (6.2). It is
Ql = (Qa − 3Qd − 3Qe − 3Qf)− 3ǫ˜β
1(n1a + n
1
d + n
1
e + n
1
e)Qc. (6.3)
The latter U(1) represents the hypercharge (3.6) if the hypercharge condition is
satisfied
ǫ˜β1(n1a + n
1
d + n
1
e + n
1
f ) = 1. (6.4)
The other U(1)’s which survive massless the Green-Schwarz mechanism are given
by
Q(5) = 2Qd −Qe −Qf , (6.5)
Q(6) = Qe −Qf (6.6)
The U(1)’s (6.6) remain massless, and orthogonal to the U(1)’s (6.2) if n1d = n
1
e = n
1
f .
The set of wrappings
n1a = 4, n
1
d = n
1
e = n
1
f = −1, β
1 = 1, ǫ˜ = 1, ǫh = −1, Nh = 20 (6.7)
is consistent with all the constraints present.
The scalars from the de⋆ sector
Ide⋆(1, 1)0 ≡ 2(1, 1)0 (6.8)
break the extra U(1) Q(5). Also the scalars from the df ⋆ sector
Idf⋆(1, 1)0 ≡ 2(1, 1)0 (6.9)
break the extra U(1) Q(6). The masses of the de⋆, df ⋆ scalars may be given respec-
tively by
α′m2de⋆ = ±|1−
1
π
tan−1(U1)−
1
π
tan−1(
U2
2
)|, (6.10)
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m2df⋆ = m
2
de⋆ (6.11)
Because all scalars receive important corrections to their mass from the couplings
(5.18) all tachyonic directions may be lifted. Thus at low energies, only the SM
survives.
6.2 SM Vacua from the Six-Stack C2-quiver
The C2-quiver embedding of the SM chiral fermions of table (3) can be seen in figure
(4). With the choice of tadpole solutions seen in appendix II all tadpole solutions
in (2.16), but the first, are satisfied, the latter giving
9n1a −
1
β1
+ n1d + n
1
e + n
1
f +
2ǫhNh
β1
= −8. (6.12)
The U(1) couplings to twisted RR fields follows:
B
(1)
2 ∧ c1[2
α− α2
β1
]F b,
D
(1)
2 ∧ c1[ǫ˜ǫ][3n
1
aF
a −
1
β1
F b −
1
β1
F c − n1dF
d − n1eF
e − n1fF
f ],
E
(1)
2 ∧ c1(−2ǫǫβ
1)[9F a + F d + F e + F f ]. (6.13)
For the C2 quiver the SM hypercharge may be associated with the U(1) combination
Ql = (Qa − 3Qd − 3Qe − 3Qf ) + 3β
1(n1a + n
1
d + n
1
e + n
1
e)Qc. (6.14)
if the hypercharge condition is given uniquely by
β1(n1a + n
1
d + n
1
e + n
1
f ) = −1. (6.15)
The other U(1)’s which survive masslss the Green-SChwarz mechanims are given by
Q(5) = (2Qd −Qe −Qf), (6.16)
Q(6) = Qe −Qf (6.17)
The existence of the latter U(1)’s give us the model dependent condition n1d = n
1
e =
n1f . E.g making the choice n
1
d = n
1
e = n
1
f = 1, n
1
a = −4, ǫ = 1, β
1 = 1, ǫh = −1,
Nh = 21, the scalars from de
⋆-sector 2(1, 1)0 break Q
(5), while the scalars from df ⋆-
sector 2(1, 1)0 break Q
(6). Thus at low energy only the SM remains as all tachyonic
directions may be lifted by the corrections (5.18).
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7 Brane recombination flows of SM string vacua
with different number of stacks
We have seen that when examining five and six stack vacua, some additional features
appeared in comparison to the corresponding four stack ‘counterpart’ quiver vaccum
12. Thus we find more scalars to be present in these models. We should emphasize
however, that this is an artifact of our procedure. The appearance of the scalar
spectrum in the models we studied, as opposed to the chiral multiplets that is fixed
by the intersection numbers, depends on our choice of wrapping numbers entering
the RR tadpole cancellation conditions. Their number for a general brane j comes
from the sector which the brane transforms with a CP phase of unity.
In this section we will show that the appearance of fermion and scalars in five
and six stack quiver models is in one to one correspondence with their counterpart
four stack quivers. That is we show using the mechanism of brane recombination
(BR), that there are directions in homology space such that the five and six stack D5
vacua are equivalant to four stack vacua and thus have only the SM at low energy.
Brane recombination in the picture of the D5-brane models we are examining
may correspond exactly to the picture suggested by Sen, namely that the tachyon
condensed at its minimum is exactly the final configuration of the recombined branes
(which are stretched along a minimal volume cycle in its homology class). In the
context of intersecting branes BR effects have been considered in [19] (and further
in [24] ) where it corresponds to a stringy version of the electroweak symmetry
breaking mechanism. In this case it was the recombination of one of the U(1) of
the ‘left” b-brane with the U(1) ‘right” c-brane that induced the Higgs mechanism.
In our case the origin of BR effects are different. In gereral the BR mechanism
corresponds to recombining D5-branes wrapping different intersecting cycles. We
note that the D5 branes that we will recombine are not necessarily paralled across
some two dimensional tori. Thus we will be able to show that by recombining always
the U(1) branes that are not involved in the QCD intersection numbers (not the a,
b, c, branes) there is a continuous flow between the six, five and four stack models.
In order to illuminate our points we will examine for simplicity some examples
in the five and in the six stack quivers. We note that there are two general types
of quivers occuring in the present work. In the first class of quivers the coloured
12By ‘counterpart’ we mean the quiver obtained by ‘naively’ deleting the extra branes from the
five, six, stack quivers so that they become four stack one’s.
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(or baryonic)a- brane is on the same node (transforming trivially under CP) with
another two d, e (resp. three, the d, e, f) U(1) branes (and/or images) in the five
(resp. six) stack quiver. In the second class of quivers the left U(2) b, brane (and/or
images) is on the node (transforming trivially under CP) with the right c brane
(and/or images).
7.1 Five stack D5-models flowing to four stack SM D5’s
Take for example one representative of the first type of quivers, e.g. the five stack A1-
quiver. Its intersection numbers before BR were given in eqn. (3.8). Lets us assume
that two of the branes recombine, e.g. the d with e brane into a new brane j. Thus
instead of the original five stack model with a, b, c, d, e branes we are left with a four
stack model made of a, b, c, j branes. The new intersection numbers are computed
easily by noticing that Iab is now an additive quantity, thus Iaj = Iad+Iae = 0+0 = 0,
and e.g. Ibj = Ibd + Ibe = 2 + 1 = 3. Thus after recombination into a single brane
d+ e→ j we are left with the following intersection numbers
Ibj = 3, Icj = −3, Icj⋆ = 3,
Iab = 1, Iab⋆ = 2, Iac = −3, Iac⋆ = 3 (7.1)
which we regognize to be the intersection numbers of the four stack α1 quiver (the
quiver obtained by naively deleting the e-brane from the A1-quiver!). Pictorially
A1
d+e=j
=⇒ a1 (7.2)
Let us now examine a quiver of the second type appearing in the present work,
one representative of which is the B3-quiver seen in figure (6). Again we recombine
the d, e branes 13. Its intersection numbers before BR are given by
Iab = −1, Iab⋆ = −2 , Iac = 3, Iac⋆ = 3,
Ibd = −2, Ibe = −1 , Icd = 2, Icd⋆ = 2,
Ice = 1, Ice⋆ = 1 (7.3)
After BR, d+e→ j and we are left with the following intersection numbers, namely
Iab = −1, Iab⋆ = −2 , Iac = 3, Iac⋆ = 3,
Ibj = −3, Icj = 3 , Ice⋆ = 3 (7.4)
13Even though they are transforming non-trivially with a CP phase
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which are the intersection numbers of the four stack α4 quiver (the quiver obtained
by naively deleting the e-brane from the B3-quiver). Pictorially
B3
d+e=j
=⇒ a4 (7.5)
Thus something novel happens here, as the the original five stack quiver A1(resp.
B3) flows into the α1 (resp. α4) quiver. The latter quiver has only coloured scalars
and they are expected to receive strong loop corrections from the couplings (5.18).
Therefore the A1-quiver (resp. B3) at low energy may have only the SM at low
energy. What is BR is really telling us is that there are flat directions in the moduli
space of the A1-quiver (resp. B3) which can be used to break the extra U(1) sym-
metry carried by the e-brane. Moreover, they confirm that we are speaking about
two equivalent theories.
In addition, they confirm the uniqueness of our original choice of constructing
five 14 stack deformations out of the four stack vacua of [2] by deforming around its
QCD intersection number structure 15. In the same way it can be shown e.g. that
the B4 quiver under d⋆ + e⋆ BR into a single brane d˜, flows to the the four stack
a3-quiver. Similar results hold for the other five stack quivers.
7.2 Six stack D5-models flowing to four stack D5 SM’s
Using BR in the branes d, e, f, the six stack quivers can be shown to “flow” to their
corresponding quiver SM that is generated by naively deleting the presence of the
branes d, e, f, from the corresponding node and replacing it by the new recombined
brane. To show the latter we will consider two representative examples that are
based on the C1 and C3 quivers.
The intersection numbers of the C1 quiver before BR are given by
Iab = 1, Iab⋆ = 2 , Iac = −3, Iac⋆ = 3,
Ibd = 1, Ibe = 1 , Ibf = 1, Icd = −1
Icd⋆ = 1, Ice = −1 , Ice⋆ = 1, Icf = −1,
Icf⋆ = 1 (7.6)
14These results also hold for the five stack D6 SM’s of [33] which under d + e brane BR, flow
to the four stack SM examples of [32], while the six stack SM’s of [34] flows into the SM’s of [32]
under d + e + f BR.
15Following the choice of universal five stack SM intersection number ansatz of table (2).
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After BR, d+ e+ f → l, one can easily seen that the new intersection numbers
are those of (7.1). Thus we have evident the chain transition
C1
d+e+f=l
=⇒ a1 (7.7)
Let us now turn our attention to the C3 quiver. In this case, the intersection numbers
before BR are given by
Iab = −1, Iab⋆ = −2 , Iac = 3, Iac⋆ = 3,
Ibd = −1, Ibe = −1 , Ibf = −1, Icd = 1
Icd⋆ = 1, Ice = 1 , Ice⋆ = 1, Icf = 1,
Icf⋆ = 1 (7.8)
while after BR, d+ e+ f → l, they become those of the 4-stack a4-quiver, the latter
naively obtained by deleting the e, f, branes from the B3-quiver dagram.
C3
d+e+f=l
=⇒ a4 (7.9)
7.3 Six stack D5-models flowing to five stack SM D5’s
There are more chirality non-changing transitions. We note that brane recombi-
nation as we proposed to be carried out does not change the chiral content of the
models but rather by changing the positions of the chiral matter in the target space
reduces also the scalar content of the models present. A more appropriate name for
the transitions taking place will be gauge and scalar changing transitions as they
help us avoid the presence of extra scalars generically present in the five and six
stack SM’s.
By BR on the d, e branes under the chain e + f → e˜ it may be shown that the
following chirality non-changing transitions take place on the :
C1
e+f=e˜
=⇒ B3′ (7.10)
C3
e+f=e˜
=⇒ B3′ (7.11)
As B3′ quiver we denote the intersection numbers of the B3 quiver where the d,
e branes are interchanged (this is a symmetry of the B3 quiver, B3′
d←→e
≡ B3).
Subequently adopting BR, d + e → d˜, the B3′ quiver flows to the a1 (resp. a4)
quivers. The transitions described can be seen in figure (5).
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Figure 5: Recombination flow for some of the six-stack quivers. All models flow to four
stack SM quivers after recombination.
8 Epilogue
In this work, we have discussed the appearance of non-supersymmetric compactifi-
cations with D5 branes intersesting at angles that may have exactly the SM at low
energies. Our main purpose was to classify all the possible configurations that may
give the SM at low energy and may be of phenomenological interest.
The models of this work, are build on a background of D5-branes, the latter
being part of a four, five and six-stack structure, with intersecting D5-branes on an
orientifold of T 4 ⊗ C
ZN
[2]. The orbifold structure of the background is encoded in
different quiver diagrams (see figures 1-7). The quiver diagrams reflect the geomet-
ric and orbifold action on the brane/orientifold-image system placed on the quiver
nodes.
We completed the discussion of four stack SM’s initiated in [2] by discussing the
four, ‘reflected’, quivers Q1, Q2, Q3, Q4. We pointed out that these quivers describe
equivalent theories to the quiver examples presented in [2], thus they describe vacua
with exactly the SM at low energies.
We showed that reflected Z3 quivers, that are obtained from an ‘image’ quiver
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by keeping the quiver transformation of the nodes fixed, while at the same time
interchanging the brane/orientifold content of the nodes with CP phases different
from unity, describe equivalent theories. Also, we presented some new tadpole solu-
tions to the four stack quivers of [2], the latter seen in figure (2). The new solutions
describe, at the level of low energy effective theories equivalent SM theories to those
of [2].
In addition, we discussed the Standard model embedding in five and six stack
quivers, denoted as Ai, A¯i;/Bj (i = 1, .., 2; j = 1, .., 7), Ck (k = 1, .., 10) quivers
respectively 16. In this case, the appearance of the SM at low energies is achieved
easily but also make their appearance singlet, doublet and colour scalars. In all cases
singlet scalars may be used to break the extra U(1)’s, while tachyonic directions that
exist among scalars may be lifted by the loop corrections (5.18). Further justification
to the latter was provided by using the mechanism of brane recombination (BR). BR
showed us that there are gauge breaking transitions 17 in the context of intersecting
D5-branes that allow a continuous flow between the six, five and four quivers of
the same kind, namely the one’s that can be created by adding leptonic U(1) e, f,
branes, on the nodes of the four stack quiver having a baryonic (a) brane. This is
quite interesting result, since gauge breaking transitions are known to exist only in
the context of M-theory to occur through small instanton transitions [43].
All the models have a gauged baryon number as it happens in their orientifolded
T 6 tori counterparts [33]. We note that the same property is being shared in all
the constructions involving modelling with D5-branes in the same backgrounds or
in the SM vacua from intersecting D6-brane models on the orientifolded T 6 tori
[32, 33, 34, 35]. The models based on the present backgrounds have a stability defect
as they have closed string tachyons. Thus their full stability is an open question.
Similar issues have been examined in the context of non-compact orbifolds [44].
Crucial for the four-, five-, six- stack constructions of D5-branes used in this work,
was the configurations of tables (1), (2), (3) that exhibit the particular localization
of fermions at the different intersections. The same configurations have been used
before in the construction of four- five- six- stack SM’s in orientifolded T 6 tori
[32, 33, 34].
The most important difference of the present study with the relevant four- five or
16These particular SM embedding have been used before in five and six-stack orientifolded T 6
backgrounds [33, 34] respectively and produced string vacua with exactly the Standard Model at
low energy.
17that do not change the chira content of the models
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six- stack SM’s found in their counterparts SM’s in orientifolded T 6 tori [32, 33, 34,
35] is related to the existence of scalars in the models. In the models of [33, 34, 35]
the only scalars present in the models where the one’s appearing after imposing
N = 1 SUSY in a particular sector involving the right handed neutrino. The latter
supersymmetric scalars were responsible 18 for the breaking of the extra massless
U(1)’s, beyond the one associated with the hypercharge, at low energies. On the
contrary in the present intersecting brane backgrounds there is a variety of different
scalars in the models, color, singlet, or doublet scalars. All scalars receive loop
corrections that are stronger for the coloured scalars. Also singlet scalars are being
used to break the extra U(1)’s, beyond hypercharge, that survive massless to low
energies. The kind of scalars present in the SM-like models depends on our choise of
parameters entering the RR tadpole cancellation conditions. Thus a different choice
of parameters will provide us with different scalars.
In section 7, the novel use of the brane recombination (BR) mechanism showed
us that there is continous “flow” from six to five and four stack vacua depicted by
quiver diagrams. In fact, we were able to show that by starting with the six stack
vacua and recombining the d, e, f branes(resp. e, f) the six stack (resp. five stack)
quiver intersection numbers “flow” to the four stack intersection numbers. Thus
instead of solving the five and six stack quiver one could also solve the associated
four stack model. As the intersection numbers Iab are practically involved in the RR
tadpole cancellation conditions through the relation
∑
a
Na[Πa] = 0 (8.1)
which ‘flows’ to ∑
a
Na[Πb] · [Πa] =
∑
a
NaIab = 0, (8.2)
the latter being the cancellation of the cubic non-abelian anomalies, we have found 19
that the six and five stack models are equivalent in homology space to the associated
four stack models. Thus we were able to show that classes of D5 brane quiver
vacua which may have the SM at low energy, and thuis may be of phenomenological
interest, are continously connected 20. The mechanism responsible for BR flow is
18the latter scalars are necessary if the corresponding U(1) gauge bosons have a zero coupling
to the RR fields.
19The recombination changed the intersection numbers, such the RR charge (8.1) was conserved,
and (8.2) before and after recombination was preserved.
20It can be easily seen, using BR along the lines of section 7, that the six and five D6 brane
stack deformations of [33] [34] are continously connected to the D6-models of [32].
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Figure 6: Configurations of D5 branes with Z3 quiver diagrams, which give at low energy
the SM.
rather topological at our current level of understanding BR. It will be interesting if
a deeper explanation may be found, perhaps in relation with a lifting of the present
D5-models to their dual models that may result from an M-theory compactification.
The latter perhaps could be justified in relation to the small instanton transition
analysis of [43].
The Standard Models discussed in this work, have a natural low scale 21 of order
of the TeV [2, 14], as the volume of the two dimensional manifold, transverse to the
D5 branes, over which the singularity structure of C/ZN can be embedded can be
made large enough, thus allowing for a low string scale Ms << Mp.
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10 Appendix A
The solutions of the five stack D5 quivers depend on the integer parameters, n1a, n
1
b ,
n1c , n
1
d, n
1
e, the NS-background β
1 and the phase parameters ǫ = ǫ˜ = ǫh = ±1, also
21Thus they may avoid the standard gauge hierarchy problem of Higgs scalars.
59
1 1
aaa
~
~
a
B5 B6
a, d*, e*
a, d, e*
1
aa
~
B7
a*, d,  e
a*, d*,  e
b, c, b*,  c*b, c, b*,  c*
b, c, b*,  c*
a, d,  e* a*, d,  e*
Figure 7: Configurations of five stacks of intersecting D5 branes placed in Z3 quiver
diagrams and giving rise to the SM at low energy.
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Figure 8: Assignment of SM embedding in configurations of six stacks of D5 branes
depicted in Z3 quiver diagrams; four out of a total of ten quivers, giving rise to the SM at
low energy. Note that α˜ = α−1.
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on the CP phase α.
RR tadpole solutions for B1-quiver
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1
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2
i , m
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i )
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1
b ,−ǫ˜ǫβ
1) (1, 1
2
ǫ˜ǫ) 12
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RR tadpole solutions for B2-quiver
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RR tadpole solutions for B3-quiver
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RR tadpole solutions for B4-quiver
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RR tadpole solutions for B5-quiver
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RR tadpole solutions for B6-quiver
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RR tadpole solutions for B7-quiver
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11 Appendix B
In this Appendix, we will provide the explicit RR tadpole solutions corresponding
to the classification of embedding the six stack SM configurations of table (3), using
intersecting D5 models, in Z3 quivers. We list all tadpole solutions appearing in the
C1,..., C10 quivers.
RR tadpole solutions for C1-quiver
Ni (n
1
i , m
1
i ) (n
2
i , m
2
i ) (n
3
i , m
3
i )
Na = 3 (n
1
a,−ǫβ
1) (3, 1
2
ǫ˜ǫ) 13
Nb = 2 (1/β1, 0) (ǫ˜,
1
2
ǫ) α12
Nc = 1 (1/β1, 0) (0,−ǫ) α
Nd = 1 (n
1
d,−ǫβ
1) (1,−1
2
ǫǫ˜) 1
Ne = 1 (n
1
e,−ǫβ
1) (1,−1
2
ǫǫ˜) 1
Nf = 1 (n
1
f ,−ǫβ
1) (1,−1
2
ǫǫ˜) 1
Nh (ǫh/β
1, 0) (2, 0) 1Nh
RR tadpoles for 6-stack C2 quiver
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RR tadpoles for 6-stack C3 quiver
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RR tadpoles for 6-stack C4 quiver
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RR tadpoles for 6-stack C5 quiver
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RR tadpoles for 6-stack C6 quiver
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RR tadpoles for 6-stack C7 quiver
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RR tadpoles for 6-stack C8 quiver
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RR tadpoles for 6-stack C9 quiver
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RR tadpoles for 6-stack C10 quiver
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